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ABSTRACT

This study is presented in three volumes:

Volume I—-  Airplane Specification for Northrop N-309 NASA V/STOL Jet
Operations Research Airplane (NASA CR-66417)

Volume II—-  Airplane Specification for Northrop Modified T-39A NASA
V/STOL Jet Operations Research Airplane (NASA CR-66418)

Volume IIT—  Substantiating Technical Data (NASA CR-66419)
These reports provide a preliminary design description of a new and modified
V/STOL jet operations research airplane. This preliminary design was conducted by

Northrop Norair during Part Il of Contract NAS1-6777 , "Jet V/STOL Operations
Research Airplane Design Study. "
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1.0 STUDY PART III CONFIGURATIONS

The final study configurations are presented on the following pages. In addition

to the basic general arrangement drawings, the inboard profile, cockpit arrangement,

and visibility diagrams are shown for the new (N-309) and modified (T -39A) vehicles.

N-309 Drawings:
AD-4486
AD-4513
AD-4433B
"AD-4434B
Diagram
General Data

Modified T-39A Drawings:

AD-4448
AD-4512
AD-4517
Diagram
General Data

General arrangement
Inboard profile

Front cockpit arrangement
Rear cockpit arrangement

Visibility (front and rear seat)

General arrangement

Inboard profile

Cockpit arrangement

Visibility (right and left hand seat)
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N-309 AIRPLANE

The N-309 as shown in Figure 1-1, drawing AD-4486 (A CHG,. ), has seven lift
engines in the fuselage and two lift/cruise engines mounted in nacelles. The position
of the aft lift engine provides adjacent space to divert the 1lift/cruise exhaust through
the body for the composite lift mode. This feature provides a versatile bay for instal -
lation of an additional lift engine by removing the 1lift /cruise diverted exhaust system
and remounting the centerline lift engine to make room for the second lift engine re-
quired for the direct lift mode of flight.
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1-5. AIRPLANE IN STATIC GROUND POSITION
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GENERAL DATA - N-309

AREAS
Wing Area Total (Theoretical)

Including Aileron and Flap 210 Sq. Ft.
wing Trailing Edge Flap Area 23.2 Sq. Ft.
Wing Leading Edge Flap Area 23.2 Sq. Ft.
Aileron Area Aft of Hinge Line 8.8 Sq. Ft.
Horizontal Tail Area Total 66.6 Sq. Ft.

Exposed 45 Sq. Ft.
Vertical Tail Area Total

(Theoretical, not Including Dorsal) 48 Sq. Ft.

Rudder Area Aft of Hinge Line 10.6 Sq. Ft.

DIMENSIONS AND GENERAL DATA

wing
Span (Maximum) 36.8 Ft.
Theoretical 35.5 Ft.
Chord
At Root 101.5 In.
At Construction Tip -40. 6 In,
Mean Aerodynamic 75.3 In.
Airfoil Section
At Root NACA64A013
At Tip NACA64A012
Incidence Degrees : 0°
Sweepback at 25% Chord Degrees 20°
Dihedral Degrees 0°

Aspect Ratio

Taper Ratio - .40
Ailerons
Span 4,25 Ft.
Chord/Wing Chord 25%



Flap Trailing Edge
Span
Chord/Wing Chord
Flap Leading Edge
Span
Chord/Wing Chord
Horizontal Tail
Span
Chord
Root
Tip
Mean Aerodynamic
Airfoil Section
Sweepback at 25% Chord Degrees
Dihedral Degrees
Aspect Ratio
Taper Ratio
Vertical Tail
Span
Chord
Root
Tip
Mean Aerodynamic
Airfoil Section
Sweepback at 25% Chord Degrees
Aspect Ratio
Taper Ratio

GENERAL

Height Above Ground Over Highest
Fixed Part of Aircraft

All Wheels in Contact
Length, Maximum

Distance From Wing Mac Quarter Chord
Point to Horizontal Tail Mac Quarter
Chord Point

1-10
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8 Ft.
25%

11. 3 Ft.
20%

15.7 Ft.

78.5 In.

24 In.

48 Tn.
NACA64A010
27°

-10°30"

3.7

. 30

7.6 Ft.

117 In.

35 In.

83 In.
NACAG64A010
40°
1.2
.30

15 Ft. 4 In.
55 Ft. 7 In.

180 In.
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N-309 INBOARD PROFILE

The N-309 inboard profile drawing, AD-4513 (Figure 1-2), presents the internal
arrangement for all major components including the crew stations. The position of
the engines, both lift/cruise and lift, the fuel system, landing gear, reaction control
and primary flight control system, equipment space and subsystems are indicated in
the detailed profile and cross-sections of the vehicle. This layout establishes the fact

that sufficient fuselage volume is available to meet systems installation requirements.

1-4
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Distance From Wing Mac Quarter
Chord Point to Vertical Tail Mac
Quarter Chord Point

Angle Between Reference Line and Wing
Zero Lift Line (All Surfaces Neutral)

Ground Angle, All Wheels Contact, Static
Max. Tail Down Static
Wheel Size (Rim Diameter)
Main Wheel
Nose Wheel
Tire Size
Main Wheel

Nose Wheel

Tread of Main Wheels
Wheel Base

Vertical Travel of Axle From Extended
to Fully Compressed Position

Main Landing Gear
Nose Landing Gear

NORTHROP NORAIR

189 In.

0O

1°30"
12°

11. In.
8. In.

22 x 8.5-11 Type VIII
14 Ply Rating

18 x 5.5 Type VII
8 Ply Rating

194 In.
206 In.

19.25 In.
20 In.

CONTROL MOVEMENT AND CORRESPONDING CONTROL SURFACE MOVEMENTS

Nominal control surface and control movement on each side of neutral position

for full movements as limited by stops shall be as follows.

Rudder
Rudder Pedals

Horizontal Stabilizer
Horizontal Stabilizer Control
Ailerons
Aileron Control
Wing Flap

Trailing Edge

Leading Edge

1-11

+25°

+3. 5 Inches Forward
and Aft

25° up 15° down

6 In. Aft 4 In. Forward

20° up 20° down

4. 25 In. Right or Left

40° Total
25° Total
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MODIFIED T-39A AIRPLANE

The selected arrangement for the Mod T-39A configuration, as shown in Figure
1-6 (Drawing AD-4448), has an extended fuselage to facilitate the installation of eight
lift engines for composite flight or ten lift engines for flight in a direct lift mode. The
lift /cruise engines used in the composite mode are mounted in nacelles. However, the
exhaust is directed down through the nacelle, external to the fuselage. A protective
shield is placed about the main gear tire due to the lift engine exhaust temperatures.
The reaction control system consists of two ducts external to the body to efficiently

utilize the space available in the fuselage to meet other equipment requirements.
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MOD T-39A INBOARD PROFILE

The internal arrangement of the modified T -39A is presented in the inboard pro-
file drawing AD-4512 (Figure 1-7). The original T -39A airplane is altered to develop
the required internal volume for lift engines, equipment and subsystems. The lift
cruise engine nacelles are relocated over the trailing edge of the wing and are also
used to stow the A-4E main landing gear. The original side-by-side arrangement in
the cockpit is the same, however due to the installation of ejection seats changes are
required to the canopy and fuselage structure. New instrument panels and consoles
are also necessary. The fuel system and reaction control plumbing are shown in the

profile and the section. None of the original T -39A subsystems can be retained without

modification.

1-14
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GENERAL DATA - MOD, T-39A

AREAS

Wing Area Total (Theoretical)

Including Aileron and Flap Area 342 Sq. Ft.
Wing Flap Total 39.5 Sq. Ft.
Wing Slats Total 36.34 Sq. Ft.
Aileron Area Aft of Hinge Line Total 16.42 Sq. Ft.
Horizontal Tail Area, Total 77 Sq. Ft.
Vertical Tail Area Total

Not Including Dorsal 41.58 Sq. Ft.
Rudder, Aft of Hinge Line 8.95 Sq. Ft.

DIMENSIONS AND GENERAL DATA

Wing
Span Maximum 45.73 Ft.
Theoretical 44. 43 Ft.
Chord
At Root 139.86 In.
At Construction Tip 44.91 In.
Mean Aerodynamic 100.6 In.
Airfoil Section
At Root 64A Series (NAA Mod.) 11.3 Pct
At Tip 64A Series (NAA Mod.) 9. 36 Pct
Incidence
At Root 0 Degree
At Tip -2%54"
Sweepback at 25% Chord © 28%33
Dihedral 3%09"
Aspect Ratio 5.77
Taper Ratio .32
Ailerons
Span (each) 87.28 In.
Chord/Wing Chord .20

1-18




Slats
Span (each)
Chord (mean)
Flaps
Span (each)
Chord/Wing Chord
Horizontal Tail
Span
Chord
At Root
At Tip
Mean Aerodynamic
Airfoil Section
Sweepback at 25% Chord
Dihedral
Aspect Ratio
Taper Ratio
Vertical Tail
Span
Chord
Root
Tip
Mean Aerodynamic
Airfoil Section
Sweepback
Aspect Ratio
Taper Ratio

GENERAL

Height Above Ground Over Highest
Fixed Part of Aircraft

Length Maximum

Distance From Wing Mac Quarter Chord
Point to Horizontal Tail Quarter Chord

Distance From Wing Mac Quarter Chord
Point to Vertical Tail Quarter Chord

» 1-19
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178.2 In.
14.72 In.

98. In.
. 281

17. 55 Ft.

81.22 In.

24. 37 In.

58  In.
NACA64A010 (Mod)
30°

00

4.0

.33
99 In.

100 In.

29 In.

67.5

NACAG63A010 Mod.
30°

1.5

.30

17.2 Ft.
55 Ft. 6 In.

207.8 In.

202, 7 In.
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Ground Angle, All Wheels Contact Static 1°
Max Tail Down Static 16°30"
Wheel Size (Rim Diameter)
Main Wheel 12 In.
Nose Wheel 8 In.
Tire Size
Main Wheel 20 x 4.4 Type VII
Nose Wheel 18 x 5.5 Type VII
Tread of Main Wheels 104. 5 In.
Wheel Base 194.5 In.
Vertical Travel of Axle From Extended
to Fully Compress Position
Main Landing Gear 14 In.
Nose Landing Gear 20 In.

CONTROL MOVEMENT AND CORRESPONDING CONTROL SURFACE MOVEMENTS

Nominal control surface and control movements on each side of neutral

position for full movements as limited by stops shall be as follows.

Rudder +25°

Rudder Pedals +3.5 Inches Forward
and Aft

Horizontal Stabilizer 25° up 15° down

Horizontal Stabilizer Control 6 In. Aft, 4 In. Forward

Aileron 'i160

Aileron Control 4,25 In. Right or Left

Wing Slats

Wing Flap 25°

1-20
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HUMAN FACTORS

A Human Factors review of the desired five minute limit for preflight checkout
procedures has been performed on the N-309 and T -39A modified configurations. The
study results indicate that the five minute limit for preflight checkout is attainable,
provided that the following tasks are performed first:

Aircraft Form 1 checked; aircraft exterior visual inspection completed; all
ground safety pins installed; pilot installed in the aircraft, with parachute straps and
seat restraint harness fastened; oxygen hose and communications line connected; seat
and rudder pedals adjusted; ground start cart connected and operating.

The above qualifications are required due to the unpredictable nature of the
pilot's findings in the visual preflight inspection, and due to the differences in time to
enter the cockpit and prepare for flight.

A preliminary task-timeline analysis of pilot tasks in the start and pre-liftoff
sequence is shown on page 1-22. Times given for task performance are estimates,
based on analyses of similar tasks in fixed wing aircraft, and performed by experienced
pilots thoroughly familiar with the cockpit.

1-21
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2.0 AERODYNAMICS

2.1 JET INDUCED INTERFERENCE EFFECTS

2.1.1 Hover Interference

The loss in lift due to low pressures induced by the jet exhaust along the lower
planform surfaces is a function of several parameters associated with aircraft geo-
metry and engine characteristics. Analysis of pertinent reports on lift loss in hover
(References 2-1 to 2-5) has shown that lift loss is dependent upon the following criteria:
(1) the total planform to jet exit area ratio; (2) the number of jet exits; (3) planform con-
figuration; (4) the height of the wing and the height of the jet exit above the ground; (5) jet
decay characteristics; and (6) jet pressure ratio. Even though the jet decay characteris-
tics on the J-85-19 engine were unknown, sufficient data requirements were available to

estimate the magnitude of lift loss for each configuration.

The method of approach which was followed assumed a test model configura-

tion closest to the study configuration. Interference lift over thrust AL , as a func-

A
tion of h/ DE’ the ratio of height above ground to equivalent diameter ( 4 x Total 1\11702216 rea)

for the N-309 configuration is presented in Figure 2-1., Since the number of jet exits are

nearly the same (8 in direct lift vs, 9 in composite mode), a single lift loss curve is rep-
resentative of both modes, The data appearing in Figure 2-1 is based on experimental
test data of an eight jet model (Reference 2-1) and a ten jet NASA model (Reference

2-2). Adjustments applied to these data included those for increased pressure ratio
P

S
(—p—T= 1.4 to 2.2), increased planform to jet exit area ratio (-A—‘-T = 50 to 65), and a
correction for low-to mid-wing position. The lift loss at an 1];— = 10 is 4% of

E
maximum thrust. At landing gear heights of h/Dg = 1.19 and 1. 26, Figure 2-1 shows

lift losses of 15% and 15. 5% for direct lift and composite modes respectively. The
variation of the moment parameter -fi,—l\_-i with h/Dg shown in Figure 2-1 was obtained
from Reference 2-5 which provided m%ment characteristics of a multiple jet config-
uration. From Figure 2-1 it may be noted that near ground (h/ Dg < 4.0), the
moment increases positively due to larger negative interference forces aft of the c.g.

At landing gear height, A M/T-é- reaches a maximum value of + 0, 05,

2-1
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The interference lift loss curve in Figure 2-2 is representative of both direct
lift and composite modes for the MOD T-39A configuration and is based primarily on
the lift loss characteristics of a NASA ten jet test model (Reference 2-2) which has an
S/AJ = 50 and PT/P =1.4. Similar corrections for S/AJ (50 to 74) and pressure
ratio 2§(1.4 to 2. 2) were applied which resulted in a 6% lift loss at h/Dg = 10 and

16.5% at landing gear height.

One method which has been effective in reducing lift loss near the ground at
approximately landing gear height is the outboard canting of the jet exit nozzles. Test
results on a NASA 10 jet model (Reference 2-2) indicated that canting the jet exits out-
board 10° reduced maximum lift loss at h/ DE = 1.5 by 7.0%. This reduction includes
the effect of a 1.5% loss in vertical thrust due to canting the thrust vector. However
for h/ D, > 4.0, there was an increase in lift loss of 4.5%. The results of the NASA
tests were applied to the N-309 and Mod T39A configurations and an 8 degree outhoard
cant of thrust was assumed which resulted in a 1% vertical thrust loss. The following
lift loss characteristics shown by the symbols are presented in Figures 2-1 and 2-2,
For the N-309 configuration in Figure 2-1 the lift loss AL/T amounts to 12.5% at
landing gear height and 7% at h/ DE = 10, For the Mod T-39A configuration in Figure
2-2, the corresponding lift losses are AL/T = 11.5% at landing gear height and 9%
ath/Dy = 10.

The moment variation AM/Tg with h/Dy, in Figure 2-2 for the MOD T-39A
is identical to that for the N-309 configuration. At a landing gear height h/ Dg = 1.5,
the value of AM/Tg = 0.04.

A multiple lift jet aircraft in transition experiences much larger interference
lift loss forces than in hover. At forward speeds the jet exhaust plume is deflected
rearward which causes a larger undersurface area to be affected by negative pressures.
It has been suggested from flow visualizations (Reference 2-6) that the trailing jet plume
consists of two contra-rotating vortices in the shape of a horseshoe which are re-
sponsible for the development of the negative pressures. Thus the magnitude of lift
loss associated with a particular aircraft configuration would be highly dependent
upon the amount of undersurface area rearward of the jet exits. Other effects which
influence lift loss are the magnitude of jet velocity, jet deflection angle and tail down-
wash. - The variation of lift loss AL/T with QooVo% shown in Figure 2-3 is

pj v J2
representative of both direct lift and composite modes of the N-309 configuration.
Since the N-309 planform is similar to the low swept wing configuration in Reference
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FIGURE 2~3. JET INDUCED INTERFERENCE LIFT & MOMENT IN TRANSITION - N-309

2-5



NORTHROP NORAIR

]

i

I

i

]

|

|

|

f 1
|
i

i

]

]

i

]

i

i

\yClENENTS

LT

ST DOV

FIGURE 2-4. JET:INDUCED INTERFERENCE LIFT & MOMENT IN TRANSITION - MOD. T-39A




NORTHROP NORAIR

2-7, lift loss data from this reference were used as a basis to establish lift loss
characteristics. Effects of jet vectoring ( ¢ 7= 300) and tail downwash (tail unde-
flected for trim) are also presented. Jet vectoring and tail downwash contributions
were obtained from References 2-6 and 2-8. The incremental moment parameter

A M/ Tg is shown in the lower half of Figure 2-3. The moment variation includes
contributions of suckdown from Reference 2-7 inlet momentum drag, tail downwash
(tail undeflected for trim) and jet vectoring ( ¢ 3° 300). Similar interference lift
and moment characteristics for the T-39A configuration are presented in Figure 2-4.
Analyses of incremental lift and moment variations with jet vectoring from Refer-
ences 2-6 and 2-8 have indicated that interference lift and moment effects may be

represented by the following empirical equations over the transition speed range.

—ATL- = ,75<—AT—L @7 =0> Cos (pJ Where: Py is the jet vector
angle measured
ATILLI _ 75 < %;’I o5 = 0> Cos @ 5 from vertical and
factor (. 75) applies
at ¢ J >0,

2.1.2 Hot Gas Ingestion
A study of recent full scale hot gas ingestion tests as reported in Reference

2-3 has indicated that the phenomena of hot gas ingestion relative to multiple lift jet
V/STOL aircraft is highly time- and configuration-dependent. The tests revealed
that engine stall is not necessarily associated only with ingestion-prone configura-
tions, since several stalls occurred in configurations which for the most part exhibit-
ed little or moderate ingestion tendencies. In most cases some thrust loss due to
ingestion of hot gases was noted. For an analysis of test results in Reference 2-3,
six multiple jet configurations with both delta and swept planforms showed ingestion
thrust losses which varied from zero to approximately 10% of maximum thrust. The

trend of the data showed that the higher thrust losses occurred at% = 2.0, Perhaps
E

of primary significance is that there now is a better understanding of the overall
problem of hot gas ingestion and, as a result, means for alleviating or eliminating

hot gas ingestion is at hand.

Of major importance in minimizing hot gas ingestion effects is the shielding
of the inlets from the entrainment of hot gases. This may be accomplished by locat-
ing the wing as low to the plane of the jet exits as possible, although consideration

2-7
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must also be given to lift losses. Wing planforms of large root chord are
preferable to act as a shield. Another essential is the close grouping of the jet
exits so that the exhaust plumes coalesce beneath the wing surfaces to act as a
single jet. In this way the jet upon impinging with the ground would form a low out-
ward flowing sheet. Jets that are spaced far apart (as is the case in the MOD T-39A
lift-cruise engine arrangement) may cause a jet '"fountain" to be developed. The
"fountain effect' is an upward flow of hot gas which, if unshielded, could be entrain-
ed by the nearest inlet, In a landing transition, the most forward lift jet engines
may be most susceptible to ingestion since exhaust gases would precede the aircraft
in the landing approach. One method to alleviate hot gas ingestion that has been in-
vestigated in Reference 2-9 is the aerodynamic shield. The aerodynamic shield is a
fine sheet of air issuing from the side of the fuselage below the inlet to prevent hot

gas ingestion.

It is concluded that extrapolation of hot gas ingestion data from Reference 2-3
to new configurations such as the N-309 and MOD T-39A would only indicate gross
tendencies. No changes in lift loss or moment change from hot gas ingestion are in-
cluded in the data of Figures 2-1 and 2-2. However, the two new aircraft have been

configured such as to minimize hot gas ingestion and to prevent compressor stall.

2.2 CONVENTIONAL FLIGHT AERODYNAMICS

2.2.1 Basic Wing Lift

The N-309 wing was selected primarily for good low speed aerodynamic
characteristics, since high speed is not a requirement. Significant items are high
maximum lift for low stall speeds and low induced drag for safe single engine flight.

A 12-to 13-percent thick wing loading of 85 psf, an aspect ratio of 6, and 0.4 taper
ratio best suits these requirements. In addition, the quarter chord is swept 20° to
provide a reasonably high drag divergence Mach number. The T-39A wing has not
been modified, because it meets flaps up stall speed requirements. However, there is
only a 30 knot difference between clean and landing stall speeds.

2.2.2 High Lift System
Leading and trailing edge high lift devices were employed on the N-309 to

provide the NASA desired 40 knot stall speed spread between the clean and landing
configurations. A full span 20% chord leading edge flap is combined with a 73% span,
25% chord trailing edge single slotted trailing edge flap with a drooped shroud.

2-8
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Norair tests of a drooped shroud on a single slotted flap showed it to be effective as
a Fowler or double slotted flap for high lift.

The T-39A wing high lift system comprises a leading edge full span, constant
chord leading edge and a 60% span 28% chord trailing edge single slotted flap.

Lift curves for both airplanes are presented in Figures 2-5 through 2-8.
N-309 lift was estimated by methods of References 2-10 and 2-11. T-39A maximum
lift was obtained from the pilot's flight manual (Reference 2~12 and CLg Wwas
estimated from Reference 2-10. These curves are not trimmed, since trimmed
lift increments will be positive or too small to significantly change lift, and the
center of gravity shift with weight is also small.

2.2,.3 Drag

2.2.3.1 MINIMUM DRAG. Airplane minimum drag is composed of a buildup of in--

dividual component skin frictions plus profile drags. They are combined with

interference drag and compressibility drag increments at high Mach numbers to make
up the clean airplane minimum drag. The skin friction drag level is based on a
1.60 x 106 Reynolds number per foot. (150 knots, M = . 23.)

Total airplane minimum drag for the N-309 and T-39A is shown in Figures
2-9 and 2-10 respectively. Drag estimates are based on data from References 2-10
and 2-13. The coefficients are defined and added for total minimum drag as shown

below.

Drag Coefficient

Ac Zc. |_ct | Swer
D "t g ' S
f
F.P.
Minimum Drag
C =AC +AC +AC +4C +AC
Puv  Pwme  Prus Pmor  Pvert Pty
Ac +C
D D
INT, . COMP.

Minimum drag was assumed constant until compressibility effects were
present, Then the individual compressibility effects of each of the aircraft com-
ponents was added to the minimum drag to construct the drag rise.
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2.2.3.2 DragPolars. Drag polars are constructed for the clean, approach and
landing configurations for both aircraft. For the T-39 approach and landing, slat
and flap positions are the same (slats open and 100% flaps). Drag polars are not

trimmed, but trim drag will not significantly change airplane performance.

The clean drag polar is represented by the following equation. Approach and
landing

CD=CD C2

-

configuration polars were constructed by adding landing gear and flap parasite drag
increments to the clean polar as shown below:

2

C,=C +AC +AC C
D ™D D D —L_
MIN gear flaps *ARe

Wing leading edge flap or slat drag was assumed negligible for these estimates.

Inasmuch as the N-309 and the T-39A have similar wing geometries, airplane
efficiencies are alike. For the clean configurations, below the drag break, airplane
efficiency is 0.82 for the N-309 and 0. 77 for the T-39A. N-309 drag polars for the
clean, approach and landing configureations are on Figures 2-11 and 2-12 and T-39A
polars are on Figures 2-13 and 2-14,

Minimum drag was established by methods in Reference 2-10 and drag due to
lift, landing gear and flap drags were estimated from References 2-11, 2-13, and
2-14.

2.3 PERFORMANCE

2.3.1 Hover Endurance

Hover endurance for the N-309 and T-39A for composite and direct lift opera-
tion is presented in Table 2-1. These data are based on out-of-ground effect thrust
levels plus an interference lift loss margins, a 5% service tolerance on engine SFC,
and the latest guaranteed minimum engine performance. Ninety percent of the reaction
control thrust is included as lift. NASA criteria complied with include 3.75 g design
load factor for the new aircraft, 1.25 times the resulting modified aircraft load factor

for new portions of the aircraft, sea level, 80°F ambient conditions and weight
contingencies.
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TABLE 2-1, HOVER ENDURANCE

SEA LEVEL, 80°F DAY

NASA THRUST MARGINS PLUS
INTERFERENCE LIFT LOSS

Designation N-309 Mod. T-39A
Engine Configuration 8/742 (J85-19) 10/8+2 (J85-19)
. . . ' 13.4 12.7
Composite Time (Min.) (W = 18, 000 Ib) (W = 20, 200 1b)
. . . Mi 8.0 10.8
Direct Lift Time (Min.) (W =16, 300 1b) (W =20, 200 1b)

NOTE: Weight contingency included.

N-309 direct lift hover time is 5.4 minutes less than composite time because
the latter with one more lift engine carries more fuel, and cruise engine idle fuel
(600 Ib/hr) had to be accounted for in the direct lift mode. Hover times for the T-39A
differ by 1.9 minutes, because ‘added lift engines for the direct lift configuration re-
quires off loading fuel. In the direct lift configuration both aircraft recover 300 1bs.
of fuel that replaces additional research payload.

Improvements in the propulsion system installation have analytically resulted
in a thrust gain, subsequent to the airplane's final weight statement. If later experi-~
ments show the thrust increases, it is estimated that the allowable hover weight could

be raised by 2% with an associated 8% or better greater hover time.

2.3.2 Hover T/W Margins

NASA required and aircraft available thrust to weighf margins, with originally
estimated weights and total thrust, at specified hover control conditions are compared
on Table 2~2. Norair estimated lift losses are included with NASA free air and ground
effect thrust margins. N-309 and T-39A thrust available either meet or exceed the
NASA specified thrust margins for all control conditions.
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2.3.3 Transition Acceleration

The acceleration performance comparisons presented in Figure 2-15 were
developed according to the initial conditions of maximum take off weight (18,000 lbs.
for N-309 and 20, 200 lbs. for the MOD T-39A) maximum thrust at sea level and 80°F

s
and constant flight path angle v = 0°. A computer program provided acceleration
characteristics which included effects of conventional aircraft lift and drag as well as
interference lift and inlet momentum drag. Thrust components due to angle of attack
variation were accounted for. For small angle of attack, the equations of motion

along the flight path and normal to it are

() Appigar =&

£ [TH - Ty ¢-Dr1pprane ~ PmomenTUM =~ W SIN 7}
PATH

and

@ Tgy+Ty+Lamprang -4L - W COSy=0

where:
TH and TV are thrust components, parallel and normal to aircraft

longitudinal axis.

AL - The interference lift loss

L A D A - Conventional airplane lift and drag
H

DMOMENTUM - Inlet momentum drag of all operating engines

Figure 2-15 shows acceleration-velocity and velocity-time plots of four con-
figurations of the N-309 configuration and one of the MOD T-39A configuration.
Comparison of configurations 1 and 3 shows the advantage of flaps for improving
acceleration and reducing time in transition. Initially, acceleration is 0.56 g's.
At 200 knots, the 20° flap configuration shows an acceleration of 0.265 g's while
the zero flap case shows 0.185 g's. The corresponding transition times are 26.5 and
31.5 seconds. This improvement is due to a larger forward thrust component made
possible by negative angles of attack in transition for the same required lift.

Configuration 4, which consists of seven lift engines and two lift cruise engines
with spherical nozzles all set at 28 degrees, is compared with configuration 1 which
also has seven lift engines with spherical nozzles set at 280, but the two lift cruise
engine nozzles are canted 10 degrees aft with doors deflected aft 18 degrees. In
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this comparison the acceleration of configuration 4 is approximately 7% higher than
that of 1 and transition is accomplished in 30 seconds. Maximum initial acceleration
of the direct lift engine, configuration 2, was achieved by pitching the nose down 21
degrees so that a forward thrust component could be obtained from the lift engines.
This resulted in an initial acceleration of 0.76 g's. However, as angle of attack is
is reduced at forward speed, acceleration drops off rapidly and net horizontal thrust
diminishes. The time required to complete transition is 58 seconds. In comparing
configuration 1, N-309, with 5, the MOD T-39A, it may be observed that the N-309
has slightly better acceleration characteristics throughout transition resulting in
shorter transition time (31.5 seconds versus 32.5 seconds). Except for the direct
lift configuration 2, the angle of attack variation for all other configurations ranged
between -3 < ¢ <3 degrees.

A comparison plot to show the effect of flight path angle on N-309 acceleration
performance is presented in Figure 2-16. For a flight path angle of 10° the horizontal
acceleration is 0.38 g's at zero forward velocity which reduces to 0,03 g's at 200 knots.,
For a flight path angle y = 0° the corresponding acceleration performance is 0.525 g's
at zero forward speed and 0. 185 g's at 200 knots. Angle of attack over the speed

range from zero to 200 knots varied from -2.9 degrees to + 1.8 degrees.

The acceleration performance shown is representative of the specific configu-
ration arrangement chosen; i.e., flap angle and nozzle angle, engine cant and exit
door deflection. Variation of these parameters within the limits set by efficient engine
performance and feasible mechanical design are possible to improve transition per-
formance. From the preceding analysis it is evident that flaps permit lift jet aircraft

to be flown at higher acceleration which results in shorter transition time.

If additional acceleration capability is found necessary for minimum time dur-
ing transition, the following approach could be considered. With some alteration in
the design to accommodate an aft cant in the tailpipes of the lift engines, the spherical
nozzles could give 15° forward vector for deceleration and 41° aft vector for accel-
eration since the total available travel in the nozzles is 56°. The resulting maximum
acceleration, with half flaps at constant altitude, would be of the order of 0.6 g at
hover decreasing to about 0.4 g at 200 knots. The time to 200 knots would then be
approximately 20 seconds. If only 0.4 g were used throughout transition, the time to
200 knots would still be under 27 seconds and the time to 1.5 stall speed would be

about 23 seconds.
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2.3.4 Transition Deceleration

The deceleration performance shown in Figures 2-17 and 2-18 for the N-309
and MOD T-39A configurations in composite mode is based on comparable initial
configuration characteristics. The spherical nozzles of the lift engines (7 for the
N-309 and 8 for the MOD T-39A) are vectored forward 15 degrees and the lift-cruise
engine nozzles in lift mode remain canted 10 degrees aft. The performance
was developed for a flight path angle y = 0 degrees and two angles of attack: @ = 0 degrees
and the angle of attack corresponding to 5 degrees below stall angle. This angle is 12°
for the N-309 and 14° for the MOD T-39A configuration. The flaps are set 20° for N-309
and 25° for MOD T-39A and the landing gear is down. Lift engine thrust at the start of
deceleration is a low percentage of maximum thrust and is varied in accordance with the
lift requirements necessary to maintain constant altitude.

At a speed of 160 knots, the initial deceleration of the N-309 at a gross weight
of 18, 000 pounds is -0.35 g's a.toz=00 and the transition time is 30.5 seconds. At
o =14° the initial deceleration at 100 knots is 0.28 g's which increases to a maximum
of 0.46 g's at 40 knots. The time required in transition is 13.5 seconds. The decel-
eration performance developed according to the equations presented under acceleration
includes the effects of interference lift loss, inlet momentum drag, thrust variation
and thrust vector change with angle of attack.

Although provision is made for a thrust reverser, airplane deceleration with a
reverser is not recommended. Deceleration can be controlled by airplane attitude,
thrust level or combinations thereof. Moreover the foregoing deceleration times are
low enough not to require additional decelerating devices. In addition to a weight pen-
alty, the thrust reverser can direct hot exhaust gases over tail surfaces. This re-
quires heat protection for these surfaces, and at very low speeds there can be signif-
icant tail aerodynamic forces. There is also the probability that deflected exhaust
gases will reach the lift engine inlets and add to the hot gas ingestion problem.

2.3.5 Conversion

Thrust margins are necessary for all possible emergency situations during
the conversion maneuver. The following cases have been investigated to determine
vehicle capabilities during engine out emergencies.

N-309 thrust required and available is presented in Figure 2-19 at design
gross weight, approach flaps, and unvectored lift engines during composite flight.
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Composite operating was chosen because the airplane weighs 18, 000 pounds as com-
pared to 16,300 pounds in direct lift. If a cruise engine fails while lift engines are
windmilling, landing gear retraction will allow excess thrust for level flight or climb.
Should there be a cruise engine failure with lift engines at flight idle, the lift engines
can be accelerated to maximum thrust and conversion completed, or they can be shut
down and a conventional landing made. If some lift engines are only partially through
the start cycle when a cruise engine fails (i.e., four engines at start and three

at windmilliné rpm), the start cycle can be interrupted and rpm reduced to windmill
speed in two or three seconds. Then a conventional landing can be negotiated.

The modified T-39A is shown for the direct lift case at 20,000 pounds, with
approach flaps and unvectored lift engines in Figure 2-20. This is the critical con-
figuration because of the added momentum drag of two additional lift engines over the
composite lift case. During an emergency the N-309 procedures also apply to the
T-39A. The T-39A, however, has slightly less excess thrust when a cruise engine
fails.

Conversion, for both aircraft, should be initiated at about 1.5 VST ALL to
take advantage of maximum excess thrust at a stable flight condition in case of a

cruise engine failure.

2.3.6 Stall Speeds (Conventional Flight)

Level flight stall speeds for clean, approach and landing N-309 and T-39A
configurations are presented in Table 2-3. Speeds are for airplane design gross
weight at sea level standard and 80°F conditions. '

The N-309, with a 85 psf wing loading at design gross weight, essentially meets
NASA stall speed requirements and the 40 knot increment between clean and landing
speeds.

No modifications are made to the T-39A wing and high lift system. At the
design gross weight wing loading of 58 psf, landing stall speeds satisfy NASA require-
ments, but clean stall speeds are 10 knots or so lower than desired. This allows
only a 30 knot stall speed spread.

2.3.7 Take-Off Distance

It is recommended that conventional take-offs with the N-309 and T-39A be
made without the aid of trailing edge flaps.. With approach or landing flaps, both air-
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craft cannot continue a lift-off or climbout with one engine out. At design gross
weight, with the aid of leading edge flaps or slats only, both aircraft can clear a 50
foot obstacle within 6,500 feet on a sea level 80°F day. Take-off distance versus
airplane weight is presented for each of the vehicles in Figures 2-21 and 2-22 for sea
level standard and 80°F conditions.

N-309 ground roll and air distances in Figure 2-21 were computed from the
following relations. Ground roll is evaluated from:

w2
840 CL So
Ror= 52 s Fo-pw
64.4 [ (F -ppW) - F o] e

%10

- W__ [c. +u (C -C. )]
X1o  TO CLTO Dy Hr Lo Ly

u R™" 025)
Air distance is the sum of the distances required for level flight acceleration from

takeoff speed, VT o’

required to clear the obstacle at Vc'

to climb over 50 foot obstacle speed Vc, and the distance

D
TO |,
2 2 F Cy
2.853W (V -V ) TO - LTO
R = c ~Vro I
A /o) | C b
64.4 _"D_w
Fro~ Prow-r + Pew\ Fe o
C. o) L
L L (]
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50—h1
and RA2 = rsiny + - h1350ft.
Y
or RAz = 10 ,/r-25 h1 > 50 ft.
where h1 = r(l -cosvy)
-D
y = sin—1<vcw c>
2.853V_ 7
r =
C
Lmax
32.2 C -1
Le

Lift off speed for the N-309 is 1.15V with trailing edge flaps retracted,

STALL
because the airplane is limited by a tail clearance angle of 16° at rotation. Climb out

speed for over 50 feet is 1. 2Vgm 11+

Mod T-39A take-off distances on Figure 2-22 were obtained from the pilot's
flight manual, Reference 12. The performance information in this report is based on

NAA flight test data correlations.

2.3.8 Climb

Military power rate of climb on an ARDC standard day for the N-309 and T-39A,
as a function of weight and altitude, are in Figures 2-23 and 2-24, respectively. These
curves are instantaneous rates of climb (no climb acceleration) calculated from the
following equation.

C = 101.3 V(F-D)
w

N-309 climb speed varies from about 350 knots at sea level to 400 knots at
1500 feet and above to the ceiling near 40,000 feet.

The T-39A has a climb speed of 300 knots at sea level to 350 knots at 15,000
and up, to the ceiling.
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2.3.9 Speed Altitude Summary

N-309 and T-39A military power speed altitude summaries in Figures 2-25
and 2-26 show that the airplanes have comparable maximum speed and
altitude capabilities. Both aircraft have maximum speeds of M = 0. 8 or better and
ceilings above 35, 000 feet,

2.3.10 Ceilings

Forward flight and hover ceilings in Figures 2-27 and 2-28 are presented for
the ARDC standard atmosphere and sea level 80°F conditions (with standard day thrust
lapse rate with altitude), respectively. Hover absolute ceilings are shown for com-
posite and direct lift operation and absolute and service ceilings for forward flight.

An engine operating limit at 10,000 feet at zero speed restricts both aircraft to that
maximum hover altitude. The N-309 ceilings reflect a 4% lift loss, and 6% for the
T-39A, to account for a free air jet induced lift losses.

2.3.11 Landing

Conventional landing performance estimates include ground roll and air

distances over a 50-foot obstacle for ARDC sea level standard and 80°F day conditions.

The N-309 landing configuration is leading edge flaps 25° and trailing edge
flaps 400, and gear down. Figure 2-29 shows total distance over a 50-foot obstacle is
5, 200 feet or less, and ground roll is 3, 200 feet or less at design gross weight. Dis-

tances were estimated from the following equations.

<26. 1w> 11
oS C C
LG L

Air Distance:

Ry "o — ' T =
o Do Fa Pc, Prp Fa'Fr
G W C C W
Lo Lo Lrp

- _ —(R/S\W
F approach thrust i 689VG + D

F. = idle thrust
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Free Roll:

R, = 3(1.689) V

FR TD

Ground distance is considered the sum of a three second free roll distance (above)
and a braked distance defined below.

Braked Distance:

2 F
2.853 CLTD Vop y L
R, = 1n B w
B 64.4(uBCL —CD> <, L -
B Dp B ,, 1.3\ I
c, B cL W
TD TD
if L. C. -Cn =0
B, " Cp,
2.853VTD2
then R, = g = .30

B FI
64.4 uB - W

T-39A landing distance in Figure 2-30 was obtained from Reference 2-12. It
is based on flight test data correlations for the slats extended and 100% trailing edge
flap (250) configuration. These data show a more rapid increase in landing distance
with weight and temperature than estimates with the previous equations. This airplane
will require a 9,000 foot runway for above normal temperatures and high gross weight
landing operations.

2.3.12 Mission Performance

In addition to the basic hover mission, the Ferry and Transition missions are
shown to explore airplane capabilities. Ambient conditions for the hover mission are
sea level and 80°F, and the Ferry and Transition missions are based on an ICAO
standard day. Fuel consumption includes a 5% service tolerance for all missions in
accordance with Reference 2-15.

The hover mission is defined as follows for composite or direct lift operation.
1. Warm-up and VTO allowance (1 minute at hover thrust).

2. Hover at T/W =1,0 + jet interference lift loss.
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3. Vertical landing with 5% initial fuel for reserve.

Hover times for this mission are indicated below for the N-309 and T-39A.

CONFIGURATION N-309 T-39A
Composite 12.7 min 12.1
Direct Lift 7.6 min 10.3

Transition Mission
1. Warm up and VTO, (1 minute at hover thrust).

2. Transition at military thrust from V=01to 1.5 Vstall (composite flight) and
convert to level flight.

3. Accelerate to Vc and Climb to 25,000 feet at military thrust.

limb

4, Descend to sea level at V=300 kn and decelerate to 1. 5Vsta11 .
5. Convert to VTOL configuration (composite) and decelerate to V = 0,

6. Land with 5% initial fuel for reserve plus fuel for 20 minutes loiter at sea
level at speed for maximum endurance. (MIL-C-5011A reserves,
Reference 15).

The N-309, with internal fuel, can perform the foregoing mission (items 2
and 5) three times, landing the last time only. With full internal fuel the T-39A can

complete the mission twice and hover for about 1.5 minutes before landing.

Ferry Mission
1. Warm up and take-off (5 minutes at normal power).
2. Climb to 36,089 feet at military thrust.
3. Cruise at V for maximum range.
4, Loiter at sea level at V for maximum endurance.
5. For 20 minutes,
6. Land with 5% initial fuel for reserve.

This is a general purpose or escort fighter ferry mission specified by MIL-C-
5011A. Mission range including 84 NMi for climb is 702 NMi for the N-309. T-39A
range is 609 NMi which includes 123 NMi climb range.
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2.3.13 Hover Endurance Sensitivity

The effect of a +£50 percent change in engine installation and free air jet
induced lift losses on hover endurance are presented in Figure 2-31. An increase in
installation losses reduces total thrust and fuel must be off-loaded. Conversely,
thrust gains allow for additional fuel. The airplane has volume for the extra fuel.
Hover time is also affected by engine SFC when installation losses cause thrust changes.
Hover time increments, in Figure 2-31, reflect the fuel volume and SFC effects of
changes in engine installation losses. The jet induced lift loss does not constitute an
engine installation loss change; therefore, the time increment is due to fuel loading

only.

2.4 STABILITY AND CONTROL

2.4.1 Reaction Control - General

The "nominal’ control powers required for hovering flight were calculated in
accordance with the requirements of paragraphs 2. 12, 3.1 and 3. 12 of AGARD 408,
modified as per NASA instructions. The NASA modifications comprise factoring the
AGARD 408 specified airplane angular response values by 1.5, 2.0 and 1.5 for pitch,
roll and yaw respectively. Thé resulting control powers assumed a step input of full
control and the AGARD 408 rate damping. Typically the equation of motion is of the

form;

1.6
Y t=1
Reqd M, = ] 1
1'2 (e /'r+; _1)

_Iy 3
=y o= I .1b,
where T Me M6 Y ft.1b/rad/sec

Roll and yaw equations are similar.
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The design requirements under normal conditions with all engines operating
are shown in the following table.

Response for full
Axis control input Damping
(degrees in first sec) (ft. 1b. /rad. /sec.)
Longitudinal 450 15(1y)°‘ 7
(W+1000) 1/3
Lateral 600 25(1.)%" 7
1/3 X
(W+1000)
Directional 270 27(1 )O'7
z
W+1000) 1/3

In addition to complying with the above requirements, consideration must also
be given to the capability to trim out an engine failure or a 35-knot crosswind and

still retain some degree of maneuverability.

The control margins remaining following the trimming out of an engine failure,

etc., are, as a minimum, the following:

Pitch - 20% of the "mominal' hover value
Roll - 50% of the "nominal' hover value

Yaw - 33% of the "nominal' hover value

These values are taken (or inferred) from paragraphs 5.5, 3.17, and 3. 14 respec-
tively of AGARD 408. These margins are also to be maintained through transition,

this aspect being discussed in detail in Section 2. 4. 3 following.

2.4.2 Simultaneous Control

Simultaneous rather than 100 percent single axis control thrust requirements
make the greatest demands on available engine bleed air. Comparisons between
simultaneous control thrusts required and available, expressed as a function of engine
thrust ratio, are shown in Figures 2-32 and 2-33 for the N-309 and Mod. T-39A

respectively.

Aircraft weights shown in these figures include jet induced lift losses (OGE).

The minimum weight condition is with approximately 15 percent fuel.
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Normal (all engines operating) requirements are 60 percent of maximum con-
trol simultaneously on all axes, and 20 percent pitch and yaw control plus 50 percent

roll control with one engine out.

Examination of these figures reveals that all normal and engine out require-

ments are met or exceeded for both N-309 and Mod., T-39A.

2.4.3 Transition Trim

Transition trim requirements and capability have been studied for both the
N-309 and modified T-39A aircraft. Flight condition analyzed is a full throttle accel-
erating transition in the composite mode with the engines' thrust vectored 28° aft

(maximum available). Specifically the cases studied were (for 0 = V = 180 knots),

1. Longitudinal
a. Normal all engine operation~ N-309 (Figure 2-34) and
Mod. T-39A (Figure 2-38),
b. Critical engine out ~ N-309 (Figure 2-35).
2. Lateral
Sideslip angle equivalent to a 35 knot sidewind or P = 15° whichever
is larger ~ N-309 (Figure 2-36) and Mod, T-39A (Figure 2-39).
3. Directional
Sideslip angle equivalent to a 35 knot sidewind or B = 15° whichever
is larger ~ N-309 (Figure 2-37).

The figures indicated above which illustrate the trim characteristics include the

following information:

Figures 2-34 and 2-35 ~ N-309 longitudinal trim (normal and critical engine out):

(1) Trim moment required which includes the contributions of,
(@) Vectored thrust
(b) Inlet momentum drag
(c) Exhaust jet induced effects
(d) Angle of attack (two angles of attack considered)
(2) Trim moments (as (1) above) plus 20% of the "mominal" hover pitch

control moment, where the "mominal' control moment is as defined in
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Section 2.4. 1. This is the AGARD 408 recommended minimum margin

to allow for maneuvering and disturbances (paragraph 5.5 of AGARD 408).
(3) Available reaction control moment at full power setting. The hover

value is maintained constant up to 80 knots and drops to 80% of the

initial value at 200 knots. This choice of control effectiveness decay

was influenced by the data of Reference 2-22.
(4) Aerodynamic control (horizontal tail) assuming Cy = 1.0.

(5) Total control (reaction plus aerodynamic). T

These Figures demonstrate that the aircraft is easily trimmed through a
maximum acceleration transition with a considerable control margin remaining both
for normal operation and with the critical engine failed. The maximum power accel-
erating transition is the most critical case since the pitching moment contributions,
namely vectored thrust, jet induced effects and angle attack (when positive), all act

in the same senhse - nose up.

In comparison, the moment contributions in a decelerating transition are nose
down due to forward vectoring of the lift engines thrust and nose up, once again due to

interference effects and angle of attack.

Figures 2-36 and 2-37 ~ N-309 lateral and directional trim (normal operation):

(1) Trim moment required to balance 35 knot crosswind or 15° sideslip and
includes the contributions of,
(2) 'Inlet momentum drag
(b) Exhaust jet induced effects

(c) Aerodynamic forces

(2) (a) Lateral - Trim moment plus 50 percent of the '""nominal'' hover roll
control moment, where the '"nmominal' control moment is as defined
in Section 2. 4. 1.

(b) Directional - Trim moment plus 20 percent of the "mominal" hover
yaw control where the "'nominal" control moment is as defined in
Section 2.4.1. These control margins are taken from paragraph
4.2.3.(b) of NASA RFP L-7151.

(3) Available reaction control moment at full power setting. Again, the hover
value is maintained up to 80 knots and drops to 80 percent of the initial
value at 200 knots. This control effectiveness decay is again based on
the data of Reference 2-22.
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(4) Aerodynamic Control
(@) Ailerons - 6,=20°
(b) Rudder - 6r =25°. The rudder contribution is derived as follows.
It is assumed that for P > 20° (for V<100 knots approximately) the
vertical tail is completely stalled so that the rudder effectiveness
is essentially zero, and at £ =15° (at V = 135 knots), the rudder
functwns properly. A linear variation of C n(é ) is assumed between
p=15° and B =20°
(5) Total Control (reaction plus aerodynamic)
Again it is seen that sufficient control is provided for trim and maneuver-

ing, the margins being in excess of the AGARD 408 requirements.

The control required levels for the N-309 correspond to the maximum VTO
weight of 18, 000 pounds.

Figures 2-38 and 2-39  Mod. T-39A Longitudinal and Lateral Trim (normal oper-
ation)

These figures are similar to Figures 2-34 and 2-36, and again demonstrate
that ample control is available for trim and maneuvering.

The control required levels for the Mod. T-39A correspond to the maximum
VTO weight of 20,200 lbs.

One further design requirement is with regard to lateral trim during engine
run up; specifically, that in a 35 knot crosswind at T/W=0.9, roll moment required
to trim must not exceed 50 percent of the "mominal' control moment (as specified
in Section 2.4.1). This requirement is readily met on both N-309 and Mod. T-39A.
The reason is that the control systems are designed to meet the design specifications
at both maximum and minimum weights - including the control margin as discussed
in (2)(a) above. Since at minimum weight the thrust to weight ratios for the N-309
and the Mod. T-39A in the composite mode are .76 and . 79 respectively, it follows
that the required margins are available at T/W=. 90.

2.4.4 Stability Derivatives

Longitudinal and lateral-directional stability derivatives were determined for
the N-309 in hovering, transition, and conventional flight modes. All cases con-
sidered were for the composite configuration with flaps and gear up. The assumption
was made that the aireraft is a rigid body.
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Table 2-4 shows a typical variation of the important derivatives with speed.
It should be noted that the derivatives in the transition speed range ( v < 180 knots)
are for level flight at a constant angle of attack of 7°. This is significant since it
means that in order to satisfy these conditions, the lift engines' thrust decreases

with increasing speed. This and related points are further discussed later.

The sources of information used were the USAF Datcom and the Royal Aero.
Society Data Sheets for the aerodynamic contributions, while the jet induced effects
were based on the data on that subject included in this report. The approach used

for each of the three flight modes is discussed below.

(a) Hover - It was assumed that any forces on the aerodynamic surfaces
were negligibly small. Thus the hover derivatives consist wholly of engine
inlet and exhaust effects, namely inlet momentum drag and jet induced local

pressure changes on the aircraft structure.

The inlet momentum effects are a function of engine air mass flow and the
local velocity of the inlet under consideration. For example, for a steady
rate of pitch, the linear velocity of each pair of lift engines is different,

while for a steady forward translation the incremental velocity is the same

for all engines.

The flight condition analyzed was for L =W =18,000 lb. at sea level.

(b) Conventional - Greatest emphasis was naturally placed on the low speed
derivatives. Both longitudinal and lateral-directional derivatives were
calculated at three angle of attack (0, 7°, 14°) for M = .25, W = 18,000 lb.,
aft ¢.g. and at the angle of attack for level flight at M = . 75, W = 18, 000 lb.,
h =25, 000 ft., aft c.g. In addition, the derivatives necessary to determine

neutral point, maneuver point, and tail angle per g were calculated at inter-
mediate Mach numbers.

Figures 2-40 and 2-41 show the variation of pitching moment and static
directional stability (Cn ) respectively with angle of attack at M = .25. It

was assumed that « 0= 0, Cmo = 0.

(c) Transition - The transition derivatives are essentially the sum of the
contributions of (a) and (b) above. Longitudinal and lateral-directional deriva-

tives were estimated for a range of speeds (50, 100, 150 knots) at three angles
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TABLE 2-4. CLEAN CONFIGURATION

L =W =18,000 LB.

V ~ Knots EAS 0 50 100 150 180 M=.75
a ~Deg 7 7 7 9 3
Altitude ~ Ft 0 0 0 0 0 25,000
1
Xu sec -.0197 -.0235 -.0274 - .0295 - .00557 |- .0236
1
ZW Sec -.0197 -.2010 -.3770 - .5770 - . 6890 - .8450
1
Mu seo-ft .1353 .1709 . 1920 . 2053 0 0
M 1 .000379 | -.000429 | -.000223 | - .00.500 - .01013 |- .00834
w sec-ft
M L '
q sec-rad | -.0078 -.1246 -.2413 - .3567 - .4062 - .5222
Y L -.0197 -.0506 -.0812 - .1105 - .1048 - .1488
v sec-rad
N 1 -.000321 .00132 . 00297 . 00466 . 00566 .01026
v sec-ft
N 1 -. 00288 -.0800 -.1562 - .2335 - .2683 - .3721
r sec-rad
1
LV Seo-ft -. 00952 -.01610 -.02175 - .02600 | - .02395 } - .03030
L 1 -.00759 -.5403 -1.0665 -1.6017 -1.9102 -2.1586

p sec-rad

STABILITY AND CONTROL - STABILITY DERIVATIVES - N-309
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FIGURE 2-41. STABILITY AND CONTROL — STATIC DIRECTIONAL STABILITY
VARIATION WITH ANGLE OF ATTACK — N-309
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2.4.5

of attack (0, 70, 140) with the constraint that L = W - 18,000 Ib. This latter
condition (L = W) is particularly significant in transition. It means that the
throttle setting is different at each angle of attach (and indced at each speed),
since the lift engines provide a portion of the total lift. The point is that a
number of the derivatives vary as a function of engine thrust or throttle set-
ting. This comment applies to both the direct power effects (inlet and exhaust
interference) and certain of the aerodynamic contributions. The former is in
terms of air mass flow (inlet effects) and engine thrust (exhaust effects). The
latter is the result of jet induced incremental downwash, and possibly sidewash,
the magnitudes being a function of thrust level.

Sufficient data were available (Reference 2-23) to estimate an incremental
downwash derivative A%—f{ but no quantitative information could be found re-
garding the sidewash effect. It is known, however, from unpublished Hawker
Aircraft (estimated) data that the P-1127 airplane shows a decrease in static
directional stability and yaw damping as the engine nozzles are vectored aft.
However, the P-1127 and the N-309 are so dissimilar that this information
could not logically be applied; consequently the N-309 lateral-directional

derivatives do not include any of these suspected effects.

The most important effect of the jet induced downwash is that it brings about a
reduction in static longitudinal stability with respect to angle of attack (Cma)
since —g—& is increased. Secondary effects are seen in CLQ . and Cmd - As
a result, the N-309 static stability is poorest at around 100 knots; this is
shown in the data of Table 2-4. Again it is mentioned that these data are at

a constant angle of attack of 7° and the condition that L = W.

The derivatives, derived as described above, were used in the VSS, SAS and

flying qualities studies.

Static Longitudinal Stability

Variation of the stick fixed neutral point and maneuver point with Mach number is

shown in Figure 2-42 for the N-309.

It is seen from this plot that the minimum static margin at sea level is about

12 percent which, it could be argued, istoo great. However, this preliminary analysis

did not take into account any aeroelastic effects which generally reduce static stability
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at the higher Mach numbers. It was therefore concluded that a horizontal tail area

reduction was not justified based on the information currently at hand.

The variation of tail angle per g with Mach number is shown in Figure 2~43.
Little probability of P.I.O. problems are indicated.

2.4.6 Longitudinal Dynamics

Short period mode characteristics were checked at two flight conditions,
namely vV = 180 knots at S. L. and M = .75 at 25, 000 feet. In both cases, W = 18, 000
Ib. with the c.g. aft.

Figure 2-44 shows that with no stability augmentation the N-309 closely ap-
proaches the requirements of MIL~F-8785 (Amendment 4), paragraph 3.3.5. However,

for absolute specification compliance, stability augmentation will be required.

At both flight conditions the Phugoid mode exhibits positive damping with a
period in excess of 15 seconds (reference MIL-F-8785, paragraph 3. 3. 6).

2.4.7 Lateral-Directional Dynamics

Lateral-directional dynamics were analyzed at the same two conventional
flight conditions as (2. 4. 6) above.

As shown in Figure 2-45, the N-309 Dutch Roll characteristics (with no sta-
bility augmentation) demonstrate compliance with the "augmenters on' requirement
of MIL-F-8785, paragraph 3.4.1.

At V =180 knots, S. L., the spiral mode doubles amplitude in 65 seconds,
while at M =, 75 at 25,000 feet, the spiral is convergent. Thus, compliance with
MIL-F-8785, paragraph 3. 4.2 requirement (t, £ 20 sec.) is demonstrated,

Satisfactory lateral-directional characteristics are therefore indicated.

2.4.8 Roll Performance

A single degree of freedom analysis was made to determine the roll performance
of the N-309 airplane in the conventional flight mode. The effects of yawing and side-
slipping motions were neglected.
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FIGURE 2-45.

STABILITY AND CONTROL — DUTCH ROLL CHARACTERISTICS
IN CONVENTIONAL FLIGHT - N-309
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Using Table VI of Reference 2-16 as a guide, the following flight conditions
were considered: W = 18,000 pounds at,

(a h=8S.L, Vv=1.1 Vstall =165 knots

() h=8.L., v=V .= 450 knots

(c) h= 25,000 feet, M=0.75

Case (a) is somewhat academic since in general the lift engines will be operating

at this low an airspeed so that the aircraft will not strictly be in conventional flight.

The pertinent roll performance data for a step input of full aileron (6, = 200)
are shown in Table 2-5, Considering the N-309 to be a Class III airplane, it is seen

that the requirements of Reference 2-16 are satisfied.

TABLE 2-5. STABILITY AND CONTROL - ROLL PERFORMANCE - N-309
6, = 20° W =18,000 lb.

h ft. S. L. S. L. 25,000
M 0.25 0.68 0.75
V knots eas 165 450 302

% 0.1223 (0. 07) 0.1223 (0.07) 0.1223
Pgg deg/sec 109.5 300 301
TR Sec 0.570 0.208 0.463
g deg 58.2 237 177 (90)
t=1

NOTES: (1) MIL-F-8785 (ASG) Amendment 4 requirements are shown
in parenthesis.

(2) Also, at M = 0.25, average(gl)—) for first 30° of bank = 0.05
(0. 05) 2V

2.4.9 Gyroscopic Cross Coupling

Gyroscopic cross coupling exists on the N-309 and modified T-39A aircraft due
to the angular momentum of the engines.

The lift/cruise engines, installed with their axes approximately parallel to the

fuselage horizontal reference line, cause a pitching moment due to yawing velocity

@—?-) and a yawing moment due to pitching velocity (Z—N—> The magnitudes of each
term are equal and negligibly small. 9
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The pure lift engines, installed with their axes generally perpendicular to the
fuselage horizontal reference line, cause a pitching moment due to rolling velocity
(%i\)—&-) and a rolling moment due to pitching velocity (SL) The magnitudes of each
are equal but of opposite sign. When taking the respecgive moments of inertia into
consideration, it becomes apparent that the effect of g—f—is small, leaving only %as a
cross coupling term of any consequence. Under normal maneuvers (e.g., q< 10 deg/

sec) this itself is also of little concern,

These comments may be verified by referring to the magnitudes of these terms
which are listed in Table 2-6 for the N-309 and modified T-39A aircraft. The data
are for composite mode operation with all engines at 100 percent rpm.

TABLE 2-6

STABILITY AND CONTROL - GYROSCOPIC CROSS COUPLING -
N-309 AND MOD T-39A

Composite Mode Engines at 100% rpm

N-309 MOD T-39A

%M ft. Ib/deg/sec 29.9 29.9
%’I— ft. 1b/deg/sec . 104.7 119.7
oL ¢4 1b/d -104 119
3q t. eg/sec 7 -119.7
3N

o5 ft.lo/deg/sec 29.9 29.9
W 1b 18, 000 20,200
I slug-t? 8,867 12,635
I slug-ft2 45,482 44,436
I, slug-ft? 51,402 52,028

2.4.10 Modified T-39A - General

With the exception of hover-transition control power and gyroscopic effects, no
stability and control analyses were performed for the Mod. T-39A. The assumption is
that the modifications will not seriously degrade the already demonstrated acceptable
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flying qualities of the basic T-39A. Possible effects of the proposed modifications

include:

1. While the increased fuselage volume is destabilizing, it is offset by the
forward c.g. shift resulting from the redistribution of the fuselages'
internal components. Thus, no revision to the empennage areas is con-
sidered necessary.

2. Increased moments of inertia will result in a somewhat less responsive

airplane.

Since no stability and control data could be obtained for the basic T-39A, a
"from scratch" analysis would have been required, which in view of the above comments

was not considered warranted.
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3.0 PROPULSION PERFORMANCE

3.1 ENGINE INSTALLATION

General Electric YJ85-19 engines were selected for lift and lift/cruise engines
in both aircraft designs. A typical lift-engine bay is shown in Figure 3-1 (AD 4515).
As indicated, there is one set of bomb-bay type inlet doors for the forward four lift
engines; similar doors are installed for the aft engines. These doors are hinged so
that they provide somewhat of a continuation of the inlet bell mouth and as deflectors
to increase the reingestion flow path. The doors are electrically driven through flex
shafting to jacks at each side of the airplane. A single jack screw for each pair of
doors assures symmetric operation. Lift engine RPM switches prevent door closing
at an engine speed greater than 12 percent RPM. The lift-engine exhaust doors are
similarly arranged and powered. Suck-in inlets and pop-out exhaust doors insure that

structural damage will not occur when the doors shut.

Spherical nozzles are provided to vector thrust of the lift engines. The lift/
cruise engines are provided with thrust vectoring doors with an actuator for each door.
The vector doors are electrically operated and linked electrically to the lift/cruise
engine thrust diverter valve such that the doors must be open before the diverter
valves can be opened. The vectoring doors open through 80 degrees of travel with the

last 18 degrees controllable with the thrust vector control on the throttle knob.

Engine bay cooling air is drawn in around the outside of the inlet bell mouths

and expelled by air ejectors installed in the engine bays.

3.2 BARE ENGINE PERFORMANCE

The YJ85-19 lift engine has a bare standard day take-off thrust rating of 3,015
pounds and an SFC of 1.00. The operational time limit is 5.0 minutes at take-off
power. These ratings apply to the lift/cruise engine in the lift mode for composite
(mixed engines) hover operation. For cruise operation, bare-engine ratings are
2, 950 pounds for thrust and an SFC of 0.98. The reduction in thrust rating in the
cruise model is due to the lowered allowable exhaust gas temperature for extended
30-minute military power operation. Time between overhauls is 400 hours, which is

sufficient for the test programs without incurring a cost penalty for engine overhauls.
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3.3 ENGINE BLEED OPERATION

The operational requirements of the NASA V/STOL designs include hover
testing for extended periods with high compressor bleed rates for attitude control.
Therefore, exhaust tailpipes were sized to allow continuous engine operation at
maximum power and compressor bleed rate without exceeding the limiting 5-minute

exhaust gas temperature of 1780°R (computed).

The effect on engine performance of resizing the exhaust area to retain the
limiting EGT while bleeding 8.0 and 10.0 percent is shown in Figure 3-2. At maxi-
mum power and the maximum bleed rate of 10. 0 percent, the engine thrust loss is
16 percent with a 9. 0 percent increase in engine specific fuel consumption. However,
where, as in the proposed designs, the bleed air is utilized for lift, the actual lift loss
is reduced to about 7 percent with essentially no penalty on SFC. This comparison
assumes the complete utilization of bleed air for lift with no losses in the control

system.

The effect of off-design bleed rates on engine performance and lift capability
is shown in Figure 3-3 for an engine sized for 10 percent bleed operation. The
important points are: (1) lift capability (engine thrust plus control thrust) is only
slightly reduced for bleed rates 2 to 3.0 percent less than design; and (2) specific

fuel consumption based on total lift decreases for bleed rates less than design.

A rapid reduction of bleed rate results in a loss of engine stall margin due to
surge effects on the compressor. Engine tolerance to bleed-rate changes depends on
the particular design, varying from a permissible 0.5 percent reduction from the
design bleed rate for a current foreign lift engine of high thrust-to-weight rate, to no

restriction for the YJ85-19 engine, a slightly modified conventional turbojet engine.

As discussed in detail under a separate heading, the control systems of the
new and modified aircraft utilize the variable bleed concept with bleed rates varying

between about 8.0 and 10. 0 percent, depending on the control demand.

3.4 INSTALLED PERFORMANCE

3.4.1 General

The primary NASA test condition is at sea level and an ambient temperature
of 80°F. Performances of the engines at this condition at maximum power as installed
in the new design (N-309) and the modified T-39A are listed in Figure 3-4. Also
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SUMMARY OF YJ85-19 ENGINE PERFORMANCE

(Installed Static Sea-Level Ratings at
80°F and Maximum Bleed Rate, Wp/Wp = 0.10)

New Aircraft Modified New And
N-309 T-39A Mod. A/C
Lift L/C Lift ¢ LJ/C T-39
Lift boLife (46 us
Mode Mode ruise
(1) Engine Weight 1b 420 392 420 392 392
(2) Thrust 1b 2320 2250 2320 2260 2680
(3) Control Thrust, F_ 1b 226 211 226 211 -
Thrust/Weight (Engine only)] 5.52 5.74 5.52 5.75 6.84
Thrust/Weight(Eng. plus Fc)| 6.06 : 6.27 6.06 6.27 -
Engine SFC 1b/lb-hr 1.11 1.16 1.11 1.16 1.038
Total SFC 1b/1b-hr 1.012 1.06 1.012 1.06 -
Bleed Press. at Port Exit PSIA| 78.5 78.2 78.5 78.2 -
Bleed Temp. at Port Exit C°R 965 965 965 965 -
Comp. Bleed Air Rate 1b/sec 4.18 4.16 4,18 4,16 -
Control Nozzle Specific Thrust| 56.9 56.4 56.9 56.4 -
Fe/Wg
(1) 1Includes vectoring nozzle for lift (2) 1Installation Losses, AF/F
engine but not diverter valve and Lift Eneine
extended tailpipe for L/C engine it Shging X
A. .007 (.995 inlet recv.)
(3) Control System Losses B. .015 (Vect. nozzle}
A, Line press. loss, Ap/p = 0.15 .
B. Bleed Air noz. leakage, .03 Wy L/C Engine
C. Nozzle velocity coeff., 0.96 A. .01l4 (.99 inlet recv.)
D. Bay cooling, W, = .2 lb/sec B. 4033 (Div. and tailpipe,
E. Air cond. (L/C only), W= .2 lb/sec new A/C)

C. 4028 (Div. Mod. T-39)
Cruise Mode

A..014 (.99 inlet recv.)
B. 4025 (Div. and tailpipe)

(4) Bleed Rate, Wy/W, = 0.01

FIGURE 3-4, SUMMARY OF YJ85-19 ENGINE PERFORMANCE
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listed are other pertinent performance parameters, including engine weights, bleed
air quality, and available control thrust at the maximum compressor bleed rate of
10.0 percent. These data reflect the tabulated installation losses which are discussed
below, as are the overall effects of resizing the exhaust tailpipes for continuous bleed

operation.

3.4.2 Lift Engine

Static performance of the YJ85-19 lift engine at sea level and 80°F as installed
in either the new (N-309) or modified aircraft is shown in Figure 3-5 for compressor
bleed rates varying from 6 to 10 percent. An increase of nozzle area from 104.1
square-inches for the basic engine to 109. 5 square inches (effective) was required to

retain the limiting exhaust gas temperature of 1780°R when bleeding 10. 0 percent.

Installation thrust losses consisted of 0.7 percent for an inlet recovery of
0.995 and 1.5 percent for the vectoring exhaust nozzle in the undeflected position.
These losses yielded an installed thrust rating of 2, 320 pounds and an engine specific

fuel consumption of 1. 11 at a bleed rate of 10.0 percent.

3.4.3 Lift/Cruise Engine

Installed lift performance of the lift/cruise engine is shown in Figure 3-6.
These data are applicable to both aircraft although, as shown in Figure 3-4, the MOD.
T-39A lift/cruise engine is rated at 10 pounds more thrust, 2,260 pounds against
2, 250 pounds for the N-309. This small difference was due to a slightly less pressure
drop in the T-39A diverter-tailpipe, as shown in Figure 3-7. This figure presents
tailpipe pressure losses for each configuration and mode of operation used in the
performance calculations. Diverter gas leakage rates are 0.90 and 0.70 percent of
the total gas flow in the lift and cruise modes, respectively.

Lift thrust and fuel flow for the lift/cruise engine up to 0.30 Mach number on a

sea-level standard day and 80°F are shown in Figures 3-8 and 3-9, respectively.

Maximum static cruise thrust at sea level and 80°F is 2, 680 pounds for both
installations, i.e., diverter valve in the straight through position and a 20. 0 inch
tailpipe and nozzle. In the cruise mode, the engine was sized for constant military
operation at 80°F, a bleed rate of 1. 0 percent for bay cooling and cockpit conditioning,

and a power extraction of 30 horsepower.

Cruise performance, thrust and fuel flow, up to 0.30 Mach number on a sea

level, 80°F day are shown in Figures 3-10 and 3-11. Similar standard day

3-7
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performances at sea level and altitudes of 15,000 and 25,000 feet are presented in
Figures 3-12 through 3-17.

3.5 LIFT CAPABILITY

Maximum lift capability of each airplane in composite-and direct-lift modes
of operation are shown in Figures 3-18 through 3-21. These data include the entire
control thrust as lift. In the actual case with yaw and roll moments applied, lift is
reduced somewhat due to the swivel angle of the pitch nozzle for yaw and the upward

exhaust of one of the roll nozzles at high roll moments.

3.6 ENGINE BAY COOLING

Cooling of the lift and lift/cruise engine bays is accomplished by jet pumps
using a maximum of 0.5 percent compressor bleed air from each engine. The ejector
consists of a circular tube located just above the spherical nozzle with nozzles spaced
equally around the periphery. The system is sized to provide a secondary airflow of
about 2.0 to 2.5 Ib/sec. This required a secondary-to-primary area ratio of about
350. The primary system consists of twenty 0. 11 inch diameter nozzles with the
engine bay in the same horizontal plane as the nozzles modified to provide the required

area ratio.

The secondary flow path is through cutouts in the upper fuselage outside the
bell mouth proper of the lift engines, around the compressor for cooling engine
accessories, then through the ejector. The total area of the inlet cutouts is 38.0
square-inches to limit the entry Mach number to about 0. 13, thereby holding flow

pressure losses to a minimum.

For the lift/cruise engine, the ejector is mounted near the exit of the cruise
tailpipe. The ejector is in operation at all times to provide cooling air flow during

both the lift and cruise modes of operation.

3.7 INLET PERFORMANCE

3.7.1 Lift Engine

Design objectives of the lift-engine inlet were: (1) provide a high recovery
during hover so as to not compromise lift; (2) provide recoveries and compressor

face distortions compatible with the engine during start, acceleration and high power

3-15
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operation at transitional flight speeds. The first objective is easily met with a bell-
mouth shaped inlet with a radius of about one-half the diameter. The second objective,
however, is not easily solved due to the extreme range of inlet velocity ratio imposed
on the inlet. As shown by Figure 3-22, inlet velocity ratios at 200 knots vary from
7.0 at the minimum start speed of 12% rpm, down to 3.1 at idle speed (N = 47% rpm),
and to below 1.0 at high power settings.

Tests of VTOL lift-engine plain inlets and scoop-type doors were conducted by
Northrop Norair in the NASA/Ames 40-by-80 foot wind tunnel using the Ames lift
engine pod containing five tandem-mounted YJ-85 engines. Figure 3-23 presents inlet
recovery and distortion data from these tests as a function of inlet velocity ratio. No
data with plain inlets at positive angles of attack were obtained. The performance
shown on this figure at positive angles and '"starting inlet velocity ratios are estimates
only and might well be optimistic for some of the engines, particularly for the third
bank and aft engine of the N-309 design.

The conclusion was that the performance of a plain bell-mouth inlet may not be
satisfactory and that the design should incofporate devices to insure reliable perfor- '
mance throughout the entire operational range. Distortion at the compressor face at
high inlet velocity ratios is the primary concern, not inlet recovery, since the air-
impingement method is to be used to start the lift engines during flight. However,
inlet pressure recoveries improve when distortion is decreased and any increased
windmilling speed resulting from higher recovery decreases the time required for

starting the lift engines.

The proposed inlet design consists of bell-mouth shaped inlets with internal
flow turning vanes (Figure 3-24). The radius of the bell mouth for the forward pair
of each group of lift engines varies from 10.0 inches (r/d = 0. 625) at the most forward
point to 6.0 inches (r/d = 0. 375) at the aft centerline. For the second pair and single
aft lift engine of the N-309 design, the forward radius is 8.0 inches (r/d = 0.5) taper-
ing to 6.0 inches (r/d = 0. 375) at the rear. The static recovery of this inlet is esti-
mated at 0. 995 at maximum engine power increasing to near unity at lower power

settings.

Alternate designs, also shown in Figure 3-24, feature either external turning
vanes or scoop-type doors. Both of these systems have been tested with some success
in improving recovery and reducing distortion. However, they are more complex

than the "fixed" internal vane system and, in the case of the scoop-type door, impose
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high drags during the engine start and idle phases at high transitional speed. Also,
either a variable door system or suck-in doors would be required to obtain a favor-

able match between engine mass flow ratio and inlet area.

Tunnel testing of the proposed internal-vane system is required to substantiate

performance and of the other systems if it should prove unsatisfactory.

3.7.2 Lift/Cruise Inlet

Design objectives were: (1) obtain a high static recovery at take-off power for
maximum lift in the composite-lift mode; and (2) obtain high subsonic pressure recov-
ery and a critical Mach number of about 0.80. The first objective dictated a short
inlet with minimum diffusion to limit friction and diffuser losses, and a rounded or
elliptical internal lip contour for favorable flow characteristics. The length of the
inlet for the N-309 is 27.0 inches and no auxiliary ir}let doors for static maximum
power operation are required. The estimated recovery performance for étatic and

flight operation is shown in Figure 3-25.

Actual inlet profile coordinates have not been established. However, profiles
specified for the NACA 1-45-165 elliptical inlet appear to offer the best compromise

between static and flight operation in the subsonic range.

3.8 THRUST VECTORING

The new design (N-309) and the Mod. T-39A incorporate single-plane spherical
vectoring nozzles on all lift engines and a combination vectoring-closure door below

the lift exhaust nozzle of each lift/cruise engine.

The single-plane vectoring nozzle will be manufactured by General Electric
and is a fall-out of their current development of a two-plane spherical vectoring

nozzle.

The single-plane vectoring nozzle has a fore-and-aft vectoring capability of
28 degrees and, as shown in Figure 3-26, is highly efficient in turning the exhaust.
At full vectoring the thrust loss is only 4% of the unvectored thrust. Unvectored, the
thrust loss is 1. 5% relative to the basic YJ85-19 convergent nozzle.

The vectoring door (Figure 3-26) is not as efficient as the nozzle with a
12% thrust loss at an effective vectoring angle of 28 degrees. The 10-degree rearward

cant of the lift/cruise engine exhaust nozzles results in a horizontal thrust component

of 390 pounds per engine. However, an airplane pitch attitude change of only
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1.5 to 2.0 degrees is required to counteract this forward thrust with negligible effect

on lift capability.

Overall, the vectoring door system results in about a 14-pound weight reduc-
tion due mainly to the elimination of the additional separate closure doors, which are
required when vectoring nozzles are used. The +28° vectoring nozzle is a slight
deviation from the revised specification which specified vectoring of 15° forward and
30° aft.

In case of a requirement for more vectoring capability, an alternate vectoring
configuration for the lift/cruise engines utilizing the same spherical nozzles employed
on the lift engine was designed for the N-309 in the composite-lift mode (Figure 3-27,
AD 4507). As indicated the design change is limited to the internal arrangement of
the aft engine bay, aft fuel cell and reaction control duct routing. This alternate
nozzle configuration still maintains a versatile capal?ility to convert to the direct lift
mode by removal of the lift/cruise exhaust system and the installation of another lift
engine. The reaction control duct routing for pitch and yaw (on drawing AD-4486) is
directed along the lower fuselage center line for the length of the airplane. However
the spherical nozzle requires more longitudinal space for movement and activating
mechanism. Therefore, to make efficient use of the space available the reaction con-
trol duct in this area is directed vertically, then aft, past the lift engine to the aft
control nozzle. The shape of the aft fuel cell is revised to comply with the new duct
routing. There is no external surface change to the configuration to accommodate the

installation of the sperical nozzles.

3.9 LIFT ENGINE IN-FLIGHT STARTING

Lift engine starts during transition will be accomplished by boosting windmil-
ling speed to start speed by turbine air impingement using bleed air from the lift/¢ruise
engines. The bleed-air flow path is from the engine compressor into the main attitude
control duct, then through ducting into the ""start' turbine ports of the lift engines.

The attitude control nozzles and the compressor bleed ports of the lift engines are
closed.

Air-impingement requirements for static starts of a single engine using an
external air supply (start cart) are as follows: (1) an airflow of 1.7 pounds/per second;
(2) an air pressure of 43. 0 psia; and (3) an air temperature of 820°R. As shown in

Figure 3-28, a bleed air flow of 6. 2 to 7.4 pounds/per second at a pressure level
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between 52 and 64 psia is available from two lift/cruise engines when bleeding the
maximum 10%. A system pressure loss of 15.0% was used in the calculation of pres-
sure at the starter port. The temperature of the bleed air varies from 885 R at 90%

rpm to 945 at 94% rpm.

Specific horsepower (horsepower per pound of airflow) available from the
lift/cruise engines is 100.5 compared with 72. 6 from the "start" cart. Therefore,
the available bleed-air energy from two lift/cruise engines is sufficient to start four
lift engines simultaneously within 30 seconds.or 1.0 minute for the entire starting

cycle.

In the cruise mode, the lift/cruise exhaust nozzle is sized for only a 1.0%
bleed rate. Therefore, engine speed during the start sequence is restricted to a
maximum of 94% rpm to limit the exhaust gas temperature to 1779 R, the maximum
permissible for five minutes of operation. Engine thrust is reduced by about 5.5%
when bleeding 10%, but is still adequate in the landing configuration at transitional

flight speeds.

The lift-engine starting procedure for the N-309 airplane in the composite-lift
mode is shown below, but is applicable to direct lift mode by the inclusion of a fourth
engine in the second group of engines to be started. The starting procedure will be
initiated at 200 knots. Engines are started in groups that minimize induced pitching
and rolling moments with engihes at idle speed. The engine starting sequence diagram
is shown in Figure 3-29 (AD 4514).

N-309 Lift-Engine Starting Procedure

. 90 0,

®© 6 6

1. Open inlet and exhaust doors - single switch.
2. Move throttle to idle power setting.
3. Actuate single start switch:

a. Air-impingement valves open and ignition energized on
Engines 1, 2, 5 and 6.
b. TFuel valves open at 12% rpm.
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c. Air-impingement valves close at 40% rpm. Idle light OFF at

40% rpm and air-impingement valve closed, each engine,

d. Starting system for remaining engines armed when Engines 1, 2,

5 and 6 at idle speed and air-impingement valves closed.

4. Sequence (3) repeated for Engines 3, 4 and 7.

3.10 ENGINE PERFORMANCE SENSITIVITY

The effects on YJ85-19 engine performance of 50% variations in the installation
losses are shown in Figure 3-30. The maximum additional thrust loss at take-off
power (variations in the adverse direction) are 1. 1% for the lift engine and 1. 9% for
the lift/cruise engine. The corresponding over-all loss of lift capability for the N-309,
composite-lift mode, is 1.27%. The effect on the maximum available control thrust
is to reduce it by 1.8%. The over-all specific fuel consumption is increased by 1.5%

if all additional installations are 50% greater than estimated.
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4.0 REACTION CONTROL SYSTEM

4.1 GENERAL

In addition to providing the required control moments, design objectives of the
reaction control system using bleed air from the engines were: (1) to obtain a mech-
anically simple system that eliminates the requirement for interaction between control
nozzles when maximum control is demanded about a single axis; (2) minimize cross

coupling between control axes and lift; and (3) minimize system weight.

A modified constant-bleed system was selected over a pure demand system to
limit engine over temperature during extended test periods with probable high control
demands. Other advantages were a faster response system and minimization of lift
cross coupling when full control is demanded. Compressor bleed rates for the N-309
design in the composite lift mode and the Modified T-39A design varied from 8 percent
for zero control demand to 10 percent, the engine limit. . For the direct- lift mode of
the N-309, a bleed-rate range of 6 to 10 percent was required to meet the control

demands.

4.2 SYSTEM DESCRIPTION

Pitch and roll system ducting are interconnected to insure nearly equal control
availability about either axis in case of failure of any engine. The flow areas of the
ducts were selected to yield an initial flow Mach number of 0. 30 to limit the pressure
loss to 20. 0 percent of the pressure available at the engine exit ports. Detailed
pressure-drop analyses on the N-309 system substantiated the selected duct diameters
at 8.5 in. for the pitch duct and 4. 0 in. for roll with pressure drops of 20. 0 percent
occurring only when maximum control about a given axis is applied. To accommodate
the increased flow from ten engines, duct diameters for the Mod. _T-39A design are

9.6 in. for pitch and 4.5 in. for roll.

For pitch control, variable-area reaction nozzles are located at the extremities .
of the longitudinal axis, The nozzles exhaust downward only with differential nozzle

reaction thrusts generating the required control moment.

Yaw control moment is obtained by rotating the pitch nozzles differentially

until the required moment or attitude is established.
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Reaction nozzles located at the wing tips and capable of exhausting either up or
down provide roll control. This method reduces the size of the duct for inclusion
within the wing mold line. For the N-309, composite-lift mode, both nozzles exhaust
downward with differential nozzle thrusts providing roll control until one nozzle is
completely open and the other closed. Additional control moment is obtained by pro-
gressively opening the upper nozzle of the previously closed nozzle. This procedure
eliminates cross coupling between the applied roll moment and pitch and lift up to the
application of about one-half of the available roll moment. For the N-309 direct-lift
mode and the Mod T-39A design, a pure up-down system is employed; that is, one roll
nozzle always exhausts in a direction opposite to the other. Nozzle area schedules for

each airplane design are discussed under the appropriate heading.

Figures 4-1 and 4-2 show a preliminary layout of the reaction nozzle configura-
tion for the pitch/yaw and the roll nozzles. The nozzles use materials of different
thermal coefficients of expansion so that minimum leakage is achieved without the
danger of binding. The gap is sized for zero bleed airflow and, thus, the differential
expansion during thermal shock tends to increase leakage rather than binding the

system. Teflon seal strip further minimizes leakage and friction under any load
distortion.

Drawing AD-4499 and Figure 4-3 show reaction control duct routing installations
for composite and direct lift cases respectively. Thin wall corrosion resistant steel
and titanium are used to minimize weight of the ducting. Insulation and radiant foil

are installed where required for protection of structure, equipment or personnel.

4.3 AVAILABLE CONTROL

4.3.1 General

The quality of the bleed air and the resulting control thrust available for bleed
rates of 8 and 10 percent with and without system losses are shown in Figures 4-4 and
4-5 for the lift and lift/cruise engine, respectively. System losses consisted of nozzle
leakage (3.0 percent), line pressure drop (A P/P = .15 at 99 percent RPM), and a
nozzle velocity coefficient of 0.96. Bleed air flows used for purposes other than control
are also grouped with the system losses. These consist of 0.5 percent of compressor
bleed air for cooling the engine bays and, for the lift/cruise engines only, an additional
0.5 percent for cockpit conditioning, The estimated discharge coefficient of the
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reaction nozzles is 0.95; the discharge coefficient does not affect the available control

thrust since the discharge area is variable.

With the available control thrust per engine established, the analysis was
directed to determining the total control thrust and moments available from each con-
figuration. To obtain a "working'' plot depicting available control thrust as a function
of engine speed, bleed rate, and total nozzle area, engine bleed characteristics were
matched with flow continuity to obtain Figure 4-6 and, in turn, Figure 4-7. The latter
figure defines the control thrust available from a nozzle of specified area as a function
of total nozzle area and engine speed. These data are applicable to either 8, 9 or
10-engine installations, providing the correct abscissa is used as noted on the plot.
Line pressure drops were varied as a function of bleed rate to approach more closely
actual losses: 15, 12, and 10 percent pressure drops for bleed rates of 10, 8, and
6 percent, respectively. However, for the cases where 100 percent of the control
requirement on a single axis is specified, a line pressure drop of 20 percent was
used. These pressure drops were substantiated for the N-309 duct layout, but are
applicable to the Mod. T-39A design. The data of Figure 4-7 provided the means to

establish the adequacy of any selected nozzle schedule in meeting specified control
requirements.

Although the requirement for 100 percent control about each axis separately
during light-weight hover was not critical, it sized the maximum and '"null" nozzle
areas and dictated the mechanization of the control system.A The lift-to-weight ratio
for the light-weight hover condition is 1. 09 for the N-309 and 1. 11 for the Mod. T-39A
based on empty weight. This allows a fuel margin equal to 5 percent of the empty
weight and out-of-ground interference lift losses of 4 percent and 6 percent for the
N-309 and Mod. T-39A, respectively. The control requirement of 60 percent control
about each axis simultaneously during light-weight hover with all engines operating
proved critical due to reduced control thrust at the low engine speeds for hover at
light weight. The other simultaneous critical control requirement was for 20 per-
cent control in pitch and yaw and 50 pefcent in roll while hovering at the light-weight
condition with one engine inoperative. Both of these control conditions were evaluated
at maximum power to establish the ratio of lift-to-design gross weight available with
these amounts of simultaneous control applied. The critical performance-control
requirement was a lift/design weight ratio of 1. 05 in ground effect while providing
control power equal to 80 percent in pitch and 50 percent in roll and yaw. Lift losses
in ground effect were 15 percent for the N-309 and 17 percent for the Mod. T-39A,
which raised the required L/W ratios to 1.20 and 1. 22.
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All other specified control and performance-control requirements were less
critical than the above.

4.3.2 N-309 (New Airplane)

Nozzle area schedules for the new aircraft design (N-309) in the composite-lift.
mode are shown in Figure 4-8. As indicated for the pitch/yaw nozzle, both nozzle
areas increase when the nozzles are rotated beyond 40 degrees. The reason for this is
to limit the amount of rotation required to obtain the required maximum yaw moment
and still retain "null" areas sufficiently small so as to allow the attainment of maxi-
mum required roll moments without forcing a reduction in pitch nozzle areas. This
also applies to the "null" areas of the roll nozzles which were sized to allow maximum
pitch control with no change in roll nozzle areas. Each roll nozzle is scheduled to
open an additional 2.2 sq. -in. after the opposite nozzle closes and before it starts to
discharge in the up direction. This presents no problem in the mechanical design of
the nozzle area-control system, but allows the attainment of 50 percent of the available

roll control with minimum cross coupling into the pitch axis and lift.

The total nozzle area with all nozzles at their respective null areas for the
zero control demand case is 23.3 sq.-in. The resulting bleed rate varies only slightly
from 8.0 percent in the engine speed range of interest between 92 and 99 percent rpm.
An effective total nozzle area of 32.0 sq.-in. results in a bleed rate of 10. 0 percent,
the nominal limit bleed rate of the YJ85-19 engine.

Based on the nozzle schedules (Figure 4-8) and the data of Figure 4-7, plots of
available control moments for engine speeds of 92 and 99 percent RPM were constructed
and are shown in Figures 4-9 and 4-10 for pitch and yaw and in Figure 4-11 for roll.
These data show that the control system provides more than 100 percent of the light-
weight control requirements for separate axes at an engine speed of 92 percent RPM.
With reference to Figure 3-18 (Section 3) an engine speed of 91 percent RPM is re-
quired to hover with 100 percent pitch control, since all the control thrust is contri-
buting to lift. The engine speed required to hover with maximum yaw and roll control
applied separately is about 91.5 percent RPM due to control system lift losses: 450
pounds for yaw and 380 pounds for roll. Figure 4-12 presents a schematic of the con~-
trol system and tabulates pertinent operational information for the critical simultaneous

control requirements and shows that the control requirements were met.
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Another control requirement stipulated that 50 percent control about each axis
shall be available when the controls are fully deflected. With the controls fully de-
flected the total nozzle area is about 1.4 times that required to pass an airflow equal
to the maximum bleed rate of the engines. The maximum bleed rate of the YJ85-19
is internally limited to 10 percent of compressor airflow with no adverse operational
effects resulting from increasing the end flow area above that just required for maxi-
mum bleed airflow. However, the nozzle total pressure decreases due to the upstream
choking to a value satisfying flow continuity with a resulting nozzle thrust loss. The
thrust loss trend is shown in Figure 4-13 as a function of area increase above optimum
for engine power settings of 92 and 99 percent RPM. These data show only a 10 per-
cent thrust loss for a 40 percent area increase with all engines operating. With one
engine inoperative and the remainder at maximum power, the control thrust loss will

not exceed 14 percent of that available at optimum areas.

In the direct-lift configuration, the required control moments are not signifi-
cantly reduced although the takeoff weight is reduced to 16, 300 pounds from 18, 000
pounds for the composite-lift mode. With one less engine supplying bleed air, the
described control system for the composite-lift mode will not provide the required
100 percent control moments during hover at light weight. Therefore, nozzle schedules
were altered as shown in Figure 4-14 to obtain a system that would satisfy the require-
ments. In this system the roll nozzles open only on demand with one nozzle exhausting
downward, and the other upwards. This reduces bleed air requirements for nominal
roll moments, and eliminates cross coupling into the pitch axis, since there can be
no net lift from the nozzles regardless of the applied roll moment. However, lift
changes equal to the thrust of one nozzle result. Pitch nozzle '"null" areas were -
reduced to 8.0 sq.-in. for zero pitch demand to yield a bleed rate of 6 percent for
zero control demand on all axes. Yaw moment is again obtained by swiveling the
pitch nozzles, but with areas of both pitch nozzles increasing in accordance with the
shown schedule. The table on page 4-22 tabulates nozzle areas and control thrust

provided by the system during hover at light weight.

The trends of available control thrust and lift with engine speed with control
thrusts proportioned to meet the 60-60-60 and 20-50-20 control requirements at light-
weight hover are shown in Figure 4-15. Figure 4-16 is a similar presentation showing
the L/W ratios available and still providing 80-50-50 control with all engines and
20-50~-20 control with one engine inoperative. These data show that all requirements

were met.
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FIGURE 4-13.

THRUST LOSS DUE TO UP STREAM CHOCKING
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Pitch Mom-Arm ~ 22.0 ft.

N-309, Direct-Lift Mode
100 Percent Individual Axis Control
Light-Weight Hover

Roll Mom-Arm~ 18. 0 ft.

NORTHROP NORAIR

Req. Control Fwd. Noz. Agt. Noz. Swivel |WB/
Moment~1b-ft |A~in® |Thrust~Ib | A~in“ [Thrust~1Ib |Angle (WA |L/W |RP
Pitch~ 30, 445 25.0 1385 0 0 0 .091 |1.09}92.7
Yaw ~ 23,328 13.5 745 13.5 745 47 .097 11.09]93.2
L.H. Noz. R.H. Noz. WB/ |
A~in? |Thrust~lb | A~in? |Thrust~1b |WA |L/W | RPM
Roll ~ 11,627 6.1dn 326 6.1 up 326 .10 1.09 | 93.0 |

The different nozzle schedules indicate that the nozzle control system, if not
the nozzles themselves, would have to be changed when the N-309 was converted to the
direct-lift mode of operation. However, the nozzle schedules shown for the direct-
lift configuration would also be suitable for the composite-lift mode with only minor
consequences to the lift capability.

4.3.3 Mod. T-39A

Either of the two nozzle schedules shown for the N-309 could be used for the
Mod. T-39A airplane with suitable increases in the nozzle areas to accommodate bleed
air from ten engines. The N-309, direct-lift mode, system was used as a model to
demonstrate adequate control power for Mod. T-39A, with nozzle schedules as shown

in Figure 4-17.

System operation for the light-weight hover case at L/W = 1. 11 with 100 per-
cent control power about each axis separately is shown in the table on page 4-26.

Control and lift available as a function of engine speed for the simultaneous
control requirements of 60-60-60 with all engine operating and 20-50-20 with one L/C

engine inoperative are shown in Figure 4-18. The performance-control test case of a

L/W of 1.22 and a simultaneous 80-50-50 control requirement is shown in Figure 4-19.

For this case the interference lift loss of 17 percent is added to the basic lift margin
of 5 percent.

As indicated, the available control power and lift met the requirements.
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Mod. T-39A Composite-Lift Mode
100 Percent Individual Axis Control
Light Weight Hover
Pitch Mom-Arm~22.3 ft. Roll Mom Arm ~23.2 ft.

Req. Control F\é/d. Noz. Aft. Noz. Swivel | WB/ I |
Moment~1b-ft | A~in“® | Thrust~Ib | A~inZ |Thrust~lb| Angle | WA [L/W| RPM
Pitch~29, 700 |25.0 1360 0 0 0 |.078 f1.11] 91.8
Yaw ~ 24,900 | 16.8 900 16. 8 900 38 ].095 |1.11] 92.3

L.H. Noz. R.H. Noz. WB/ l

A~in? | Thrust~1b| A~in? | Thrust~Ib| WA L/W| RPM

Roll ~ 17,900 | 7.5 up 387 | 7.5dn 387 098 | 1.11 92.1|

4.4 CROSS COUPLING

As previously stated, the objective of the control system design was to minimize

control cross coupling into the remaining axes and changes in lift on the application of
a control moment.

The application of a pitching moment produces insignificant lift changes and no

roll moment, since the sum of engine and control thrust remains essentially the same
for small changes in bleed rate.

In the N-309 design, the roll nozzles are 30. 0 inches aft of the center of pitch
rotation. Therefore, any change in the net lift of the roll nozzles induces a pitching
moment. Induced pitching moment and lift resulting from the application of roll control
during hover are shown in Figure 4-20. No pitch or lift changes are induced up to
50 percent of the maximum roll requirement and only changes of 300 lb. in lift and
700 lb-ft in pitch for a maximum applied roll moment.

The application of yaw control introduces no roll moment providing the line-of-
reaction of the pitch nozzle intersects the roll axis, which is assumed for the current
designs. As shown by Figure 4-21 the application of only a yaw moment causes only a
lift loss due to angularity of the pitch-yaw nozzle to the vertical. The lift loss is
300 1b for a 100 percent yaw moment. For the simultaneous application of pitch and
yaw, a side force of 620 lb results in addition to the lift loss, as also shown in Figure
4-21 for the simultaneous 60-60-60 control case. With a pitch moment of 60 percent

of the maximum established, the application of a 60 percent yaw moment induces an
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FIGURE 4-20. PITCH AND LIFT CROSS-COUPLING RESULTING FROM
APPLICATION OF ROLL CONTROL DURING HOVER
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additional pitching moment of 4000 1b-ft, which requires compensation by the pilot to
retain the same pitching moment. This is well within the capability of the pitch con-
trol system since, as previously shown, the available pitch control for the stabilized

60-60-60 control case was more than adequate which includes this induced pitching
moment.

The above data was directly applicable to only the composite-lift airplane.
However, the only major difference between the direct-lift control system and the
composite lift is in the roll system. Inthe direct-lift system, the induced lift loss
will be proportional to the applied roll moment, attaining about 300 1b for full roll

application. There is no induced pitch moment due to applied roll moment.
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5.0 STRUCTURES

5.1 STRUCTURE - MODEL N-309

The N-309 wing, fuselage, and empennage preliminary structural arrangements
are shown in Figures 5-1 (AD 4501), 5-2 (AD 4500), 5-3 (AD 4502), respectively.
The cockpit enclosure is shown in Figure 5-4 (AD 4504). A description delineating
the details of each major component follows.

5.1, 1Wing Group

The wing is a full cantilever all metal structure, consisting of a basis wing
box structure, leading edge and trailing edgé flaps, ailerons, trunnion supports for
the main landing gear and all necessary ducting, fairing, and supports for mounting
the lateral reaction jet controls at the wing tips. Access doors are provided for
servicing all controls and movable surface activators.

5.1.1.1 WING, The basic structure of the main wing box consists of a two-spar
multi-rib type construction with upper and lower stringer stiffened covers. The front
spar is located at the 20 percent line and the aft spar at the 54 percent line. The

ribs are spaced at 10 to 11 inch intervals. An auxiliary spar is located at the 70
percent line and is used to mount the supports for the trailing edge flaps and the
ailerons. The center section wing box consists of front and rear spars and upper and
lower stringer stiffened covers. The center section and outboard panel wing box spars
and skin panels are structurally joined at the wing trunnion attaching ribs. An ex-
ternal doubler is used to reinforce the skin joinﬁ at the trunnion rib. The wing
attaches to the fuselage by four bolts connecting the wing trunnion ribs to four
trunnion fittings mounted on the fuselage lower longerons.

The main landing gear trunnion is supported at the landing gear trunnion support
rib and the rear spar of the wing box. The rear spar is structurally joined to the
trunnion support rib to form an integral support for the landing gear trunnion.

The roll control air ducting, with internal duct temperature of approximately

- 500 F, -enters the wing box at the §, of the airplane, branching into the center of

each wing box and terminating at the roll control nozzle located in each wing tip
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fairing. Insulation is wrapped around the air ducting to a point, a few inches outboard
of W.S. 125 where, due to limited clearance with the substructure, it is terminated.
In this area of the wing box, outboard of W,.S. 125, where structural temperatures are
expected to exceed 220 F, titanium alloy skins and substructure are used. The for-
ward half of the roll control nozzle fairing is made of stainless steel while the aft half
is made of aluminum alloy. All skin panels and substructures where temperatures
are not expected to exceed 220 F are made of 7075-T6 aluminum alloy.

An extended leading edge fairing forms the inboard leading edge of the wing,
terminating inboard of the leading edge flap. A shear pin forms the only structural
tie between the inboard side of the fairing and the fuselage.

5.1.1.2 AILERONS. The ailerons are of conventional design and construction
utilizing 7075-T6 aluminum alloy material. The basic structure consists of a front
spar, upper and lower skins, a trailing edge strip and ribs spaced at approximately
10 inch intervals. The aileron is attached to the wing by means of a piano type hinge
mounted to the upper surface of the rear spar of the wing. The ailerons will be
balanced statically and dynamically as determined by analysis.

5.1.1.3 TRAILING EDGE FLAPS. The trailing edge flaps are of conventional design

and construction utilizing 7075-T6 aluminum alloy material. The basic structure

consists of a front spar, leading edge and trailing edge ribs, spaced at approximately
10 inch intervals, contoured leading edge skin, and upper and lower aft skins, splicing
at the front spar and a trailing edge strip. The flaps are externally hinged, to provide
the required motion, at three locations along its span. Anti-friction type ball bearings
are used at each pivot point. The flaps are supported by means of three flap hinge
supports externally mounted to the aft portion of the main wing structure. The trail-

ing edge flaps extend from the outboard side of the L/C engine nacelle to the inboard
side of the ailerons.

5.1.1.4 TURNING VANES, The basic structure consists of a formed front spar, ribs
spaced at approximately 10 inch intervals, upper and lower skins and a trailing edge
strip. All materials are 7075-T6 aluminum alloy. The vanes rotate about the g,

of a piano type hinge mounted at the forward lower portion of the vane front spar and the
lower flange of the rear spar of the main wing structure, The motion of the vane is
slaved to that of the flap by three pushrods having anti-friction ball bearing rod ends.

The upper end of each push rod is attached to a rib of the turning vane by means of a
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fitting while the lower end attaches to a flap hinge fitting. The turning vanes extend

from the outboard side of the L/C engine nacelle to the inboard side of the ailerons.

5.1.1.5 LEADING EDGE FLAPS. The basic structure of the leading edge flaps
consists of a spar, ribs spaced at approximately 10 inch intervals and a contoured
leading edge skin. All materials are 7075-T6. The flap pivots about the @, of a
piano type hinge mounted on the lower flanges of the flap spar and the forward spar of

the wing box. The leading edge flaps are made in two sections with the inboard
section extending to approximately W.S. 80 and the outboard section extending to a

point just inboard of the reaction control nozzle fairing.

5.1, 2 Body Group

The bbdy group consists of the fuselage structure and all integral provisions for
attachment of the wing, empennage, left/cruise engine nacelles, installation of the

lift engines, crew-compartment, subsystems, fuel and equipment.

5.1.2.1 FUSELAGE. The arrangement of the fuselage consists of a nose section
housing the flight test boom and pitch/yaw control nozzle; a forward section housing

the crew compartment, nose landing gear and equipment and/or payload; a center
section housing the lift engines, fuel cells, wing carry through structure and attaching
structure for the lift/cruise engine nacelles and an aft section supporting the empennage,
tail bumper and pitch/yaw control nozzle fairing,

The basic structure consists of upper and lower longerons, skin panels and
vertical frames or bulkheads spaced at approximately 6 inch intervals to minimize
acoustically induced fatigue failure of the skins. In the forward section of the fuselage
three equipment bays are provided, one aft of the pitch/yaw control nozzle fairing,
one below the front cockpit floor and another aft of the rear cockpit bulkhead. A fuel
bay floor is provided at the level of the lower longeron in the area of the aft equipment
bay. Access to the fuel bay is through the equipment bay by means of stressed doors
provided in the fuel bay floor. The nose wheel trunnion mounts on two fittings attached
to two longitudinal beams which also form the structural housing into which the gear
retracts. The wheel door is mounted to a piano type hinge which attaches to the out-
board trunnion support beam. The §, of the nose wheel strut is offset six inches to
the left of the airplane @ . Glass fiber matting is provided between the imer and

outer skin panels of the crew compartment to insulate the cockpit area from the noise
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environment. Inthe center section of the fuselage, intermediate bulkheads divide the
engine bay into four compartments for housing the lift engines. Two lift engines are
housed in each of the forward three compartments and one lift engine plus the lift ex-
haust nozzles from the L/C engines in the aft compartment. Supporting structure is
mounted between bulkheads for attaching the lift engine support mounts and a vertical
longitudinal firewall between each pair of engines. Double hinged air inlet doors are
provided over each lift engine. These doors are attached to the upper longerons by
means of a piano type hinge. Double hinged exhaust doors are provided for the lift
engines in the forward three compartments. These doors are attached to the lower
longerons by means of a piano hinge. Bomb-bay type exhaust doors are provided

for the aft lift engine. These doors are mounted on structural members, with
integral piano-type hinges, attaching to the forward and aft bulkhead of the engine
compartment. Thrust vectoring doors are provided for the lift exhaust nozzles of
the L/C engines. Hinge supports, containing anti-friction bearings, for these doors
mount on an auxiliary bulkhead. A reinforced opening is provided at each side of the
fuselage to permit entry of the lift exhaust nozzles of the L/C engines and supporting
structure provided for mounting the nozzle to the fuselage. Supporting structure is
.also provided for attaching the L/C engine nacelles to the fuselage. The wing support
trunnion fittings are mounted to the lower longerons. Removable access panels are
provided to permit access to engine controls, accessories and plumbing and to the
fuel bay over the wing box.

The aft section of the fuselage consists of supporting structure for mounting the
pitch/yaw control nozzle fairing, the tail bumper and the horizontal and vertical
stabilizers. The lower portion of the tail bumper incorporates a removable aluminum
honeycomb core stub which may be easily replaced if damaged during a tail first
landing. The torque tube of the horizontal stabilizer is supported by two anti-friction
type bearings mounted in housings attached to each side of the fuselage. The three
tie down fittings of the vertical stabilizer pass through the top skin of the fuselage
and attach to the upper webs and flanges of their supporting fuselage frames. Access
doors are provided on the top of the fuselage, at each side of the rudder post to
permit servicing of the rudder actuators. A removable panel is provided aft of the
lift/cruise engine nacelle to permit entry to the fuel and equipment bays and to
permit servicing of the horizontal stabilizer actuators. Adequate removable panels
are provided on the underside of the fuselage, in line with the control air ducting
to permit easy inspection and servicing.
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5.1.2.2 LIFT/CRUISE ENGINE NACELLES. The arrangement of each engine
nacelle incorporates a nose section housing the air inlet duct, a center section hous-

ing the engine and its accessories and an aft fairing housing the exhaust tail pipe.

The basic structure consists of upper and lower longerons, skin panels with
frames and intercostals spaced so as to minimize acoustically induced fatigue failure
of the skins, and supporting structure for attaching the nacelle to the fuselage. The
upper portion of the nacelle, in the vicinity of the engine, is made removable to
permit engine installation and/or removal. The lower main engine mount is supported
on the upper outboard longeron while provisions are made for attaching the upper
mount to the sub-structure of the engine removable access panel. Firewalls are

provided around the periphery of the engine and removable access panels added to permit

access to critical engine controls and accessories. The forward portion of the nacelle
passing over the wing box is not structurally attached to the wing in order to prevent
any wing loads from being transfered to the nacelle structure.

The major portions of the skins and substructure of the nacelles and fuselage
are made of 7075-T6 aluminum alloy. Firewalls, pitch/yaw control ducting and
nozzle fairings, engine compartment bulkheads are made from stainless steel alloy
material. The thrust vectoring doors and local structure where temperatures may
exceed 220 F are made of other heat resistant material.

5.1.3 Empennage

The empennage group consists of a fixed vertical stabilizer mounting a rudder
assembly and a movable horizontal stabilizer, fuselage mounted, It also includes all
provisions for mounting the surfaces to the aft section of the fuselage.

5.1.3.1 HORIZONTAL STABILIZER, The horizontal stabilizer consists of a left
and right hand assembly integrally connected by torque tubes which are structurally
joined at the §, of the airplane. The torque tube is supported by anti-friction type

ball bearings mounted in bearing housings attached to each side of the fuselage. An
eight inch radius horn fitting mounts on the torque tube of each stabilizer assembly
and these are attached to the rod end of the hydraulic actuators used for moving the
surface.

The basic structure of the stabilizer consists of a 50 percent line spar multi-rib
type of construction with upper and lower stringer stiffened covers. The leading and
trailing edge covers are spliced at the spar caps. In addition the trailing edge covers
are joined to an aluminiim trailing edge strip which runs the span of the trailing edge
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up to the tip caps. The tip caps are of aluminum honeycomb core construction while

all skins and substructure of the stabilizer are of 7075-T6 aluminum alloy material.

5.1.3.2 VERTICAL STABILIZER, The vertical stabilizer consists of a fixed

cantilevered fin mounting a rudder assembly. A removable laminated fiberglass tip

cap is provided for housing the VHF antennas. A recognition light and rotating beacon
light is mounted below the tip cap. A fuel vent tube is installed for venting the fuel
tanks past the trailing edge of the fin at a point above the rudder.

The basic structure of the fin incorporates a leading edge assembly and a main
box assembly. The leading edge assembly consists of a contoured stringer stiffened
cover and ribs spaced at approximately 12-inch intervals. The basic structure of the
main box structure consists of a three spar multi-rib type of construction with left and
right hand stiffener reinforced covers. The front spar attaches to the leading edge
skin and ribs while the rear spar incorporates a hinge fitting for mounting the rudder.
The other rudder support hinge fitting is attached to fuselage frames at the g, of the
airplane. All rudder hinges incorporate anti-friction type or ball bearings. The
three spars attach to the fuselage frames by means of tie down fittings while a closure

rib completes the structural tie between fin and fuselage.

5.1.3.3 RUDDER, The basic rudder consists of a front spar, trailing edge strip,
two end ribs and skin covers all bonded to an aluminum honeycomb core filler. The
rudder post, an integral part of the front spar, incorporates a horn fitting with two
diametrically opposite attach points for the rod ends of the hydraulic actuators used
for moving the surface.

The skins and substructure of fin and rudder, except for the tip cap and honey-
comb core are made of 7075-T6 aluminum alloy.

5.1.4 Cockpit Enclosure

The cockpit enclosure consists of a contoured one-piece windshield for the
forward cockpit and two one-piece canopies, one for each crewman. In addition, a
one-piece flat windshield is provided for the aft cockpit to protect the aft crewman from
the wind and rocket blast exhaust resulting from ejection of the forward seat. Each
canopy is hinged along the right hand edge of the cockpit opening to provide easy access
to the cockpit. Locks and handles are provided on the left side of each canopy. Both
canopies may be locked or opened from both the inside and outside of the cockpit
enclosure. The cockpit locking system utilizes existing T-38 parts. The area in
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line with the ejection path of the crew seats contains no metal framework in order to
permit safe ejection through the canopy. All transparent panels are fabricated of
bi-axially stretched plexiglass (MIL~P-8184).

5.2 STRUCTURE - T-39A MODIFICATION

The T-39A structural diagram of the modified and unmodified fuselage and wing

are shown in Figure 5-5 (AD 4491). A description delineating the major modifications

to the wing, fuselage and empennage are given below.

5.2.1 Wing

A hole is provided through the center section wing box and substructure to
accommodate two of the lift engines. External doublers and local reinforcements
are added to retain structural integrity, The inboard end of the trailing edge flaps
are shortened approximately 12 inches to clear the new engine nacelles. The wing
ribs are modified to permit installation of the reaction control ducting. Other
modifications include: removal of existing wing tip cap and modifications of local
structure to permit installation of control nozzle fairing; installation of trunnion
supports and strut doors for new landing gear.

5.2,2 Forward Fuselage

Seventeen inches were added to the length of the nose to accommodate pitch/
yaw control nozzle. Other modifications include: a flight test boom installed; new
canopy and windshield; new ejection type seats, instrument panel and consoles, a

new nose gear and wheel fairing.

5.2.3 Center Fuselage
A 24-inch section was added to the fuselage forward of F.S. 206. Other

modifications include: removal of baggage and cabin compartment floors, emergency

escape hatch, entry doors and cabin windows; fuselage structure modifications
between F.S. 143 and F.S. 333.6, to accommodate lift engines, by adding new frames,
firewall bulkheads, provisions for engine mounts, and intake and exhaust doors;

upper longeron removed in left engine bay area and replaced by new relocated
longeron. In addition to the above, the existing cruise engine nacelles are removed

and replaced by new nacelles located forward of the existing ones.
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5.2.4 Aft Fuselage

Modifications to the fuselage aft of F.S. 333. 6 include: structural modifications
for additional horizontal stabilizer deflection requirements and support provisions
for new longer stroke actuator; longeron, frame and stiffener modifications due to
removal of existing cruise engine nacelles and replacement by new nacelles; structural

provisions for installing tail bumper and reaction jet control nozzle fairing.

5.2.5 Vertical Stabilizer
The existing fin tip cap is removed and local structure modified to accommodate

new laminated fiberglass cap housing VHF antennas.

5.3 MATERIALS

All new structural components where temperatures are not expected to exceed
220 F will be made of 7075-T6 aluminum alloy material. Firewalls and control air
ducting and nozzle fairings will be constructed from stainless steel alloy material.

All other local structure where temperatures are expected to exceed 220 F will be
constructed of other heat resistant alloy material.

Special attention is given to materials in areas subjected to an elevated temp-
erature and acoustic environment. The final selection of these materials will include
considerations of cost, fabrication and reliability. The high temperature environment
varies from 500 F hot gas containment to 1320 F exhaust gas impingement for
durations exceeding five minutes, The primary areas of high temperatures are engine
bay compartment, reaction control ducts and nozzles including local structure in
which they are housed, and thrust deflection doors. While use of titanium will be
generally avoided because of its high cost, titanium alloys will be considered in
critical weight areas. The materials considered for design are discussed below.

5.3.1 Aluminum Alloys - Up to 220 F

The major portion of the primary structure, where structural temperatures are
not expected to exceed 220 F will be fabricated from 7075-T6 aluminum alloy
material, Within this temperature range this alloy possesses excellent strength to

weight ratios. In addition, the yield stresses are only approximately 13 percent
below the ultimate stress. Therefore a vehicle stressed to 100 percent of limit
design load (where the allowable limit design stresses are equal to the ultimate
stress of the alloy divided by 1.5), will posses a margin of safety over the allowable
yield stress of better than 30 percent.
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5.3.2 Titanium Alloys - Up to 600 F

The alpha-beta alloys, e.g., Ti-6A1-4V and Ti-8Mn have very good strength
at room temperature and posses good elevated temperature strength and stability
up to about 600 F.

5.3.3 Precipitation Hardening Stainless Steels - Up to 1200 F

Precipitation hardening stainless steels are excellent for high temperature in
an oxidizing atmosphere. The basic alloys considered are:
(a) PH 14-8Mo: a higher toughness and fatigue strength version of the
better known PH 15-7 Mo. This alloy is weldable and formable.
(b) AFC-77: a maraging stainless steel with excellent strength and
oxidation resistance up to 1200 F.
(c) Austenitic Stainless Steels or '"18-8'" Stainless: an excellent low cost

weldable, formable material with good errosion resistant properties.

5.3.4 Superalloys - 1200 F to 1800 F
Exposure above 1200 F for extended periods of time with high loads requires

alloys with a nickel or cobalt base. Superalloys are planned for the thrust deflector
doors. The standard alloys considered in these areas are Rene' 41 and Inconel X,
Both are weldable and formable within certain limits.

5.3.5 Thermal Insulation

The containment of the thermal environment can be accomplished by utilizing

metals with high reflectivity and by using materials of low density and low thermal
conductivity. The latter materials include fibrous mats of silica, alumina, and
asbestos fibers for temperatures to 1300 F. Low thermal conductivity insulation is
wrapped around the control air ducting and utilized between interface areas of steel
and aluminum,
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5.4 STRUCTURAL DESIGN CRITERIA

5.4.1 Maneuver Load Factors

New aircraft will be designed to limit maneuver load factors of + 3.75 g and
- 1.5 g. In flight operations, the aircraft will be restricted to 80 percent of these

load factors.

Design load factors are not specified for modified aircraft. The most feasible
acceptable limit load factors will be determined for the modified aircraft. Existing
structure of modified aircraft, which has been static tested, can be operated to
100 percent of the allowable limit load factors determined. New structure added to
the modified aircraft will be designed to 1.25 times the allowable load factors.

5.4.2 Airspeed

Maneuver loads for new aircraft will be based on a maximum speed envelope
of 450 KEAS (q = 685 PSF) or 0. 80 Mach, whichever is lower. The 450 KEAS defines
the speed envelope from sea level to 9, 000 feet altitude. Above 9, 000 feet the speed
envelope is defined by the 0.80 Mach number (refer to Figures 5-6 and 5-7).

The most feasible speed envelope will be determined for modified aircraft to

be used in conjunction with allowable maneuver load factors.

5.4.3 Atmospheric Gust

To avoid excessive loads resulting from atmospheric turbulence, the following

analyses will be conducted:

1. Speed restrictions will be determined so that the loads resulting from a

50 fps vertical gust (U d ) do not exceed the allowable operating loads.
e

2. Using the maneuver speed envelopes, the allowable gust velocities will

be determined based on the allowable operating loads.

3. The speed restrictions imposed by Item 1 must result in an adequate
operating envelope to satisfy the primary objectives of the research

vehicles.
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5.4.4 Landing Loads

The structure will be designed to the loads resulting from conventional and
vertical landings. The method of analysis and criteria of MIL-A-8862(ASG) will be
used where applicable.

The following landing conditions will be used for design of new aircraft:
1. Conventional landing - 12 fps sink speed with 1. 0 g lift.

2. VTOL landing - 15 fps sink speed with 2/3 hovering thrust. The following
conditions will be considered:

a. The aircraft structure (except for the landing gear) will be designed
for a 15 fps sink speed with a side velocity of 5 knots. The landing
gear itself will be designed to the helicopter obstruction requirements
of MIL-S5-8698 at 15 fps vertical sink speed.

b. Structure and landing gear will be capable of withstanding the loads

produced by a VTOL sink speed of 10 fps with the aircraft in a 10
degree banked attitude.

Modified aircraft will be designed to the most feasible sink speed entailing
reasonable changes.

5.4.5 Ground Handling

Loads due to towing, jacking, hoisting, and mooring will be based on
MIL-A-8862(ASG).

Provisions will be made for towing by the nose wheel and will accommodate

towing speeds of 20 mph maximum over smooth and hard surfaces and 3 mph maximum
over soft surfaces.

Removable hold-back and tie~down fittings for engine thrust tests will be
included. '
5.4.6 Crash Loads

The loading conditions of MIL-A-8865(ASG) will be used to provide protection
for the crew under crash conditions.
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5.4.7 Pressurization Loads

Not applicable.

5.4.8 VTOL Test Stand

The aircraft will be designed to the most severe combination of loads to be

encountered during ground testing on a VTOL test stand.

5.4.9 Wind Tunnel Tests

Support system attachment points for tests in the 40 by 80-foot wind tunnel at
NASA Ames Research Center will be included in the design of the aircraft. A maxi-
mum dynamic pressure of 120 psf in the wind tunnel will be used. Design conditions of
angle of attack, sideslip, etc. will be determined through discussions and agreement
with NASA.

5.4. 10 Flutter Characteristics

The aircraft will be free from divergence, flutter, buzz, or other aeroelastic
instability throughout its flight and weight envelopes. MIL-A-8870 will be used as a

guide for flutter requirements.

5.4. 11 Service Life

Design of any new primary structure of the aircraft will be on a failsafe basis
to the maximum extent feasible. Structural design will be based on a minimum
service life of 300 hours with a scatter factor of 4. 0 distributed in the following

manner:
1. 100 hours in a conventional flight cruise at 6, 000 feet altitude.
2. 100 hours at climb speed at 3, 000 feet altitude.
3. 100 hours at transgition speéds at 3, 000 feet altitude and below.
4. 40 routine maneuvers per hour shall be included.
5. 4 V/STOL landings and transitions per flight hour shall be assumed.

6. Compatible life shall be established for components such as control

surfaces, doors, etc.
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5.4.12 Acoustic and Thermal Environments

The structure will be designed to the acoustic and thermal environments
expected. Available test data will be used as much as possible to predict these

environments.

5.5 BASIC LOADS - MODEL N-309

5.5.1 Discussion of Loads

Bending moments on the fuselage are compared on the basis of limit load for
symmetrical maneuvers and conventional landing (refer to Figure 5-8). Limit
bending moments are used for the comparison because landing loads are not analyzed
on an ultimate basis. Ultimate fuselage shears and bending moments for symmetrical
maneuver conditions are presented in Figures 5-9 and 5-10. Fuselage shears and
bending moments for landing conditions are also presented in Figures 5-11 and 5-12.
Landing loads are presented as design loads in accordance with paragraph 3. 1.3 of
MIL-A-8862(ASG). Fuselage loads for conventional landing are, generally, more
severe than for vertical landing. Although the vertical landing conditions are based
on a higher sink speed, they include 2/3 hovering thrust on the lift engines, which
relieves the fuselage loads, and do not include the horizontal spin-up and spring-back
loads which produce pitching accelerations in conventional landing. Fuselage loads
for vertical landing with a side velocity of 5 knots have not been analyzed in this

study phase. Loads resulting from the control jets will affect only local structure.

Wing loads are presented in Figure 5-13 for a + 3.75 g symmetrical maneuver
and represent maximum bending moment on the wing. Conditions with deflected
ailerons or flaps will produce wing torsion conditions but these have not been calcu-
lated at this time since the detailed aerodynamic distributions have not been determin-
ed. Forces produced by the control jets at the wing tips are not critical for the

primary wing structure but must be considered for local structure.

5.5.2 Load Conditions Investigated

5.5.2.1 SYMMETRICAL FLIGHT MANEUVERS., Fuselage loads are computed for

+3.75 g and - 1.5 g assuming zero airloads on the fuselage but including a balancing
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horizontal tail airload. Horizontal tail airloads based on preliminary aerodynamic
data are included in the aft fuselage loads. Tail loads used are 2, 200 pounds up load
at + 3. 75 g and 880 pounds down load at - 1.5 g.

Wing loads are computed for + 3.75 g using a rigid wing and represent
maximum positive bending moment on the wing. Due to the subsonic Mach range of
the airplane, the wing loads are based on a chordwise center of pressure at 25 percent
of the wing chord. Wing loads for - 1.5 g are not computed but would produce
negative loads with a magnitude equal to approximately 40 percent of those computed
for +3.75 g.

5.5.2.2 LANDING CONDITIONS, Landing gear loads are computed for conventional

landings and vertical landings. Main gear loads in vertical landing with obstruction

criteria are computed.

Based on the landing conditions investigated, the two point conventional landing
conditions result in the highest vertical bending moments on the fuselage. The method
of analysis used is that of MIL-A-8862(ASG). Conditions for which fuselage bending

moments are shown are:

1. Two point level spin-up
n, = 2.59 g limit {9;, = -4,79 Rad. /Sec. 2 limit
n, includes 1.59 g gear load factor plus 1.0 g due to wing lift = weight.
b’y is nose down pitch acceleration produced by main gear loads.

2. Two point tail down spring-back
M, = 2.81glimit § =+0.64 Rad. /Sec.? limit
nz includes 1. 81 g gear load factor plus 1.0 g due to wing lift = weight.

'éy is nose up pitch acceleration produced by main gear loads.

5.5.2.3 FORCES DUE TO ATTITUDE CONTROL JETS, The following forces and

locations were used:

Forward fuselage at F. S, 121.8 1460 pounds up
Aft fuselage at F.S. 649.8 1460 pounds up
Wing tips at W, S, 228 390 pounds up or 324 pounds down
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Forces due to control jets generally will not be critical on primary structure
except in the local areas of the installations.

5.5.2.4 GUST LOADS ON EXPOSED TAIL SURFACES. Loads due to gust are based
on a equivalent gust velocity (U d ) of 50 fps and a flight condition of 0.75 Mach,
Ve =450 Knots, q =685 psf.

Estimated lift curve slopes for the exposed surfaces at 0.75 Mach are:
Horizontal Tail: C1 a” 0. 30 per Rad. Total for Both Surfaces
Vertical Tail: C1 a” 0.65 > per Rad.

Reference Area: = Swing = 210 Ft. 2

Gust loads on exposed tail surfaces due to 50 fps gust
Horizontal Tail: 1, 285 pounds limit per side.
Vertical Tail: 6, 230 pounds limit

Loads assumed to act at 25 percent MAC of each surface.

5.5.2.5 DESIGN LANDING GEAR LOADS,

5.5.2.5.1 Conventional Landing at 12 FPS Sink Speed.

Parallel to Normal to Load

Condition Gear Oleo Lbs. Oleo Lbs. Point
Three Point Level Nose
Spin-~up 4,790 3,690 Axle
Spring-back 4,790 -3,290
Max. Vert. Reaction 4,790 1, 200
Two Point Level Main
Spin-up : 14,510 11, 960 Axle
Spring-back 15, 080 -10, 230
Max. Vert. Reaction 14,970 4, 210
Two Point Tail Down Main
Spin-up 16, 100 7,680 Axle
Spring-back 15, 050 -11,840
Max. Vert. Reaction 15,715 1,110
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5.5.2.5.2 Vertical Landing at 15 FPS Sink Speed.

Two Point Level - Main Gear

22,700 pounds acting normal to the ground acting alone and in combination
with a horizontal load of 11, 350 pounds acting forward, aft, inboard,

or outboard.,
Nose Down - Nose Gear

11, 500 pounds acting normal to the ground acting alone and in combination
with a horizontal load of 8, 050 pounds acting forward, aft, inboard,
or outboard.

NOTE: Loads are positive up and aft.

5.5.3 Landing Gear and Landing Flap Extension

Maximum speed with landing gear or landing flaps in extended position is
220 knots.

5.5.4 Altitude Versus Allowable Mach for Gust Velocity (U ) =50 FPS and Total
Load Factor =3.0 g e

Allowable Mach numbers are shown over a range of altitudes for airplane
gross weights from take off weight to empty weight (refer to. Figure 5-14). These data
are based on a gust velocity (U d ) of 50 fps and an incremental load factor due to gust
of 2.0 g. The curves show that %t any given altitude the allowable Mach number
decreases as the airplane weight decreases and for any given weight the allowable
Mach number increases as the altitude increases. It should be noted that the take off
weight and empty weight are unrealistic at altitude but are shown on the curves to

permit interpolation.

5.5.5 Altitude Versus Allowable Gust Velocity (U d ) for Total Load Factor = 3.0 g

at Maximum Speed of Ve = 450 Knots or e 0,80 Mach, Whichever is Lower

Using the speed envelope proposed by NASA of 450 KNOTS EAS (g = 685 PSF)
OR 0.80 MACH, the curves indicate the gust velocity which will result in an incre -

mental load factor of 2.0 g at each altitude and airplane gross weights ranging from
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take off weight to empty. The data show that the allowable gust velocity decreases
with decrease in airplane weight. The allowable gust velocity also decreases with
altitude from sea level to 9, 000 feet and then increases with altitude above 9, 000
feet. Above 9, 000 feet the maximum speed is 0. 80 Mach while below 9, 000 feet it is
450 KEAS based on a dynamic pressure of 685 PSF.

5.6 BASIC LOADS - MODIFIED T-39A

5.6.1 Discussion of Loads

Operating limitations will be established to assure that design limit loads will
not be exceeded on the existing T-39A structure retained for the V/STOL configura-
tion (refer to Figure 5-15). Available data indicate that the T-39A wing structure
has the capability of approximately + 3.3 g in the V/STOL configuration for positive
symmetrical maneuvers. Therefore, an operating limit of + 3.0 g is realistic. New
structure, which will not be static tested, will be designed to loads based on 1. 25
times the operating limits to assure that loads experienced in actual operation do not
exceed 80 percent of design limit loads.

The allowable sink speeds versus aircraft weight presented in Figure 5-16 are
based on the landing gear proposed for the installation. Analysis of the backup
structure and possible beef-up are required. In general, considerable more data on
the T-39A structure and design loads are required in order fo properly evaluate the
capability of the existing structure for the V/STOL configuration.

5.7 FLUTTER STABILITY - MODEL N-309

Flutter analyses of the wing, horizontal tail, and vertical tail of the Model

N-309 airplane show freedom from flutter* throughout the airplane speed range (to

*With the stipulation that the angular flexibility from the root of the horizontal tail
surface through the torque-tube and actuator must not exceed 64 x 10_8 radians/Ib-in
per side, the value used in Case 60 flutter analysis shown in Figure 5-18., This
value is achieved using the X-21 aileron actuator (with F-5 horizontal actuator linear
stiffness) on an eight-inch horn radius with the present torque tube design of five

inches between actuator and surface root.
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Mach 0.75), including a 15 percent margin in equivalent airspeed obtained by analysis
at -8, 000 feet standard altitude. The analysis results are shown in Figures 5-17
through 5-19 as plots of necessary damping, g, versus knots equivalent airspeed,
KEAS, Stability is indicated by a ''g" value less than 0.02. Computed frequencies

in cps are shown by each plotted point.

The flutter analyses were performed in local coordinates, using subsonic,
lifting surface aerodynamic force coefficients, computed for 0.75 Mach number. A
seven-strip wing and five-strip tails were used. The wing and horizontal tail
were connected to a rigid fuselage in free-free symmetric analyses; the vertical

tail was connected to a rigid base in a cantilevered analysis.
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VERTICAL TAIL
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SECTION B-8 (EFFECTIVE BemoING SECTION)

/,030 STRS., § CAPS T=,05
= T 7 @TT e e ——
1 ) @ S ® W & F
20 | |82 b sa
o030
2Ll . R
_ (7075 - T¢)
/TEM A 4 A7 ATE
! 09 | 3.4 | 320 | 109 €c=~(/q7'ooo)(%/)/&5
2 094 3.6 338 | n22
3 | 094 | 3.8 | 358 | 136 = 39,000 po’
H 094 4,0 376 /.50
& 04qY .| 3.8 | 828 | 1./5 Fer ~ 42,000 /144'/‘
¢ 094 | 3.0 | 282 8Y
7 024 | 2.5 | 234 | ,59 42
< |.65% 75 M-S~ 55 =1~ 208

L=(2Y7735) = 7550 INY

EL = (0.3x00%)15.50) ~ 160 x,10° 18 Wt

YA (‘4’3731) . g
J‘." ééé__i__ - /0%3 he /23 /A/r

0

T = (33x10 )123) = 950 xn° 28,

\\

_ L. _ 85,000 _
Fr=im = tzag - = 3 485 /m. N.C.

VERTICAL TAIL
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SECTION C-C (EFFECTIVE BENDING SECTION)

CArs & = .,090

/'030
% el T T
14.11 gﬁ) Ve gr 13,0
e S
103
|<__- /4 ——*-Ls— /2 ‘4 (1015 - T6)
/7EN| A Y | AY | Ayt |
| - 2/00) 24
g = (/’ X )/2.02}(
I | .09 | 2.6 | ,/80 | .360 <
z .090 2.3 207 | 476 = 21,400 pov
3 0% | LY e | e ]
“ 090 | -2.0 |-./80 | 360 | Fpay= 25000 ph
S 090 | —2.3 |- 207 | 476 (% = /7.5 )
6 ,090 | L4 | =26 | L 17¢ 250
M8, = Zry ~1=+17
s | .50 2024 . —

ET = (0.3%08 X 2,024) = 209 x0° 18 st
—_ _4Aa* Yy 770
J=Zzas = CYI0) = pye ¥
¢ SYo3
GT = B2 Y240) = 96 xw® 28, m*
T 75,700
Fr37h T Gynoy. T LS LBSIIV.
N.C.

VERTICAL TAIL
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~

P\Th

———e .

— ¢
A% B P\}\ \r\\
A =8 ~

PLAN

~
I~

V/IEW —
.

ALDAY

SPALIWISE

= (j28s)1S) =

LOADING

—d

1930 L8S,. ULT,

> D

@ 257, MAC

]

W3
W
I%\%

R

N

, l
|
= 72 -

EQ.O 72w, + ZwW,-w)712) = /930
X NED (/Zw}/c%) }_—f'{wz-w 12)) 24 = 1950 x 20

SOLYIIG — EQUATIONS.
W, = 134 LES v

UJJ = 20,8 LB/ im

[»UL';

WL/ =N

q0.0 LBS/1n |
187 LR/0.

HORIZONTAL TAIL
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SECTION A-A

+=.10
_ 7T b y
_J = L84 N

lllllllllllllllll

M = (1936)(30) = &8 000 /N, LS,

P(, i (sofuoo)(/.’is)/. sy = £4,000 L

Fg, = 75000+ (,2.5Y¢s 000) = 9(,000 ,’M/c‘

9l
mes, = e -] =

ET =~ (J0.3x ') 1.84) ~ /5.9 x10¢ 18, 1v?%

G T = (3.9%10°) /.5Yx2) = 72,6 Xu® 2B, 142

HORIZONTAL TAIL
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SECTION  B-R_

y
= - o | L -3
—I? : 7 = 1[(13,{/2,4}52)] + ,%_(.o;)(é’.:?)
= gy InT
(7675-7¢)
£:0 4 &8 =
e Pbc _ ,000)/3.0%” Y2, 0D poa
by 91 . ) \
09 7% * %9 = /0.8 5%/})( =97 000/%4.
v ’L | o . 3
' 2.0— 47,0
. M8, = gzs 7= +.41
E£T = (/0'3 X /o‘)/%//) =~ Y24 x10° 4@, me

TORPUE SECTION & B-8

] I\\\\
</15 ‘ 3 ——
~ y L
<~ 10 ——He——— 21§ = 21.5 > /0 —~

£3.) —————— = s
Aren = 239 /W'
__4As iy 2397 y
FZES T Ty ¢ 52,8 N,

GT=(R.9x0°)52.8) = 206 Xi10° 28. I

HORIZONTAL TAIL
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SECTION C-C (EFFECTIVE BENDING sec,r/on))

2%
/.
/1

.0"" CAPS. =.,0Y4
[0) @ @
s . I i I I *"C-%-L—«‘@L
ey " 3.6 45 v3 - 32 l{”. el .
~Lb ot i .-—4—1/ | (7675~ 7"6)
- 44,0 .|
/TEM A Y AY | AYt
_ . /650)(2,15)
! I ol L70 | 02 | 173 g = (eso) 470
i 2 06 2,16 | .26 | ey <
3 .06 2.00 | .20 | ,240 = /4600 pau
q 06 /,50 1 .80 | .13S b 25 '
5 06 40 | .oug | 03¢ TH 18T Fpye 20000
s: L30 &50 _ 210 4 _
1 o S = MS. = Fge -l=+.44
Z =(2X.850) = /.20 /N7

e = Z(13.6+ 26£)(36) ~ 730 LAS.
Vv = (@30)12) = £750 /n). LES.
x = (P33e)18) + % (13.2)3C)72) = 1,650 1M, LBS

EL =(10.3x06)1.7) ~ /7.6 x10° 28, 1%

4 Y
o

\.). _ (4736

S 9§Zb3 = 21“/ ,0Vfl

GT =(3.9%10 ) 214) ~ 3.5 18, W©
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SECTION D-=-D

/g)& @b O3 8 @ teppe =/ OY0
( 3.0 3,6 3.5 2.4 ;'E:;
B e Bt bt N
L. 32 ~J (7075" '(’)
o "l
[TEM | A v | oAy | AY?:
! 06 Ly | 084 | .18 SecTIoN wNoT  \
2 06 /7 02 | 73 CRITICAL. ‘;
2| 06 | eS| 099 | 763 BENDING OR SHEAT
Y 06 1285 | 075 | oSy '
LY 06 65 | 039 0LS
5 | /30 513
T =02 s23) = 4L/96 nT

ET = (10.0x 6% )(1196) = 148xn¢ L8 10"

—_—
Y76
J= %7“) = o1 m!

éT’—(X.?x/oG)//o,?) = Y7 LB T

HORIZONTAL TAIL
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WING DUCT DIA. = 40 ms

F- =75 pal. T 7= §00°F

@H P =(75)(2) = /50 L&S.

2 T =,020 MiM.
i’ # 321  STAINLESS STL,

P
ﬁ.& = /'5-%7— * 7500 /;4,(,'
Fr,= (75,000)(.76) = &7 000 gt
: 572.0 '
M =55 —|= +6.¢
FUSELARGE LUeT  pIA = §5 /NS,
P = TS pec. ALT 7 = S00°F

ﬂ P=(75)425) < 318 L88.
- T = ,022

Pt

P % = 3/%1 < /SIC)OD/‘V"V’\"

57

M8 =~ 7za —1 =+158

DUCTING
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FUSELAG & (CENTER BLEED /rmu/rm_D)

L0AD — 3,0 N, DIA. PiPE = (7.07)78) = 530 LRS
LOAD - 6.0 /N. DIA, PIPe = [28,2X75) = 2120 1BS.

530 536 530 S30 2/20 §30
. | d
4E.\_~__ 22 sl g —u|— eo-—»l~—* 8s ~——°{"°"’l T/
P— /08 ‘>| /%

P = 1970 28¢. F, = 2800 LBS,

Moy = (7970)(¢0) ~ (530)(11S) ~ 57000 /n. L8,

T
T’ I =4 (42 ~‘1:LI) = 950 mY
8.5
l 4,28 - .
Q, “—(57‘000)( l%.s = 25,500 pre
321 STAINLESS i
STEEL Ftu"(75,000)('74) = 57,000/1/14«

Fooo =-3€(E) = Calna X/a‘)(ﬁ%) 2 E2000 pan

(52,000),76) = 62,500 pen’

570
M.S.= FE5 =423

DUCTING
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K:f————--/‘/,S———’i Rz
) I COND. VepTIcnl LD4G,

S o p
S, \ 2 B FRS SINK SPEED
V = 22,700 48
S — D =-//,3§0 LRS.
4.1
’el_" 79(‘75[22,700 x 4.7 ~ /1350 xSS]

R, =-385100 18S.
R, = ¢0,800 LRS.
S, = /350 [LBS.

58,0
5o/, ST'C/)Ke)

V = 22,700 LBS.
O = +//,350 L&BS.

/
K, = s [2 2,700 x 4.7+ ///3§0x5£’]

y ﬁz T 853000 (8%
R, ~ =30 300 4RS.
S22 = 1,350 LA&S
S/hE
Ve

MAIN LANDING GEAR
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TS SUTEwrY swweermees

o

%

V= 22,200 L&S.
S = /1350 LES.

p = 75|z 22700 x 5,2+ 11,350% 58]

AN

= S//S’OO LRS .
H =(51,800 a0+ //3S0)
H~= —28350 4B¢.
(B¢ R)= 22,900 - fod) s 90]

(R,+R)= = 16,600 288

58.0
B0
Y
| Iﬂ—S.’.‘r >
Y

»4
—
<

= 22,7200 LBS.
S = -7/,380 LA&S.

P = —é[ (22700)(s,2) - //Jaowﬂ
= 34,200 LES.
H = (36200 con0 — /1, 350)
= /6,450 284S
(R+8) = 22,700 +(36,200)( 5% 10)

(e+ k) = 46,000 455

MAIN LANDING GEAR
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SECTIOAN ﬁ’rq

T : | L (33)E5) _ (neXiz) "
2.5 =8 - /2 /2 = /.63 /4,

‘ M= (13SOY 1) + (22,700)X¢.5)

y 2] = 260,500 /N, LBY -

o 2,3 ] |
260 KUVYL2S,
7L, H7, 260-280000 Q * £ ) 63)/ )-, 195000 psi
P '

Fcy = 2‘/2‘/()00/1/;% ‘

247,
m.~99 =~ 7'—9"’%‘" *-/ ::);:?.. /

SECTION B-8

T S I - yeg N "/'
N 2% A~ 15 "
Lol P = 830
‘I" 2.0 a{
STL. W7, 260-2% : 0 :
(:1.’ /47, 260 }9J> &: 5/,@ %/q - 72/00()/)-2.,(/“
L 36.5
? —’—%"\‘:}““ - (/l/ O |
- ) v /.' ?
Fo < §9,000 pt A R

MAIN LANDING GEAR
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4{
/

_ (8050)Y52.5)

R f75 > 24150 185,

(Ry+Ry) = 7,500 -(24 150Yee 45)

(&*ﬁt()f - 54;00 LBS,

52.5
S6Y, STROKE) He = -9 050 LABS,
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L POSOYEL.5
PD“-( osOXE2 )/7.53 - 24 /50 L&
(Re+ By) = 11,500 (- 24,150 e #5)
_ (Rs+Ry)= 284600 L8,
He = 9050 /&S,
S/IVE
viey)

NOSE LANDING GEAR
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K2 Ry
5 sla— 9 ——«vl -
33 —g* A. 0 < V"//ISOOLGSo
e R ‘*’IA b=t = 8050 LBS .
Kz = ,7',’[//,soox 7+ £050 x sz.sj
= 37600 (L85,
Ry = /4500~ 372600 = = 26,100 168
52.5 S3 = 8050 LEC.
(507, STROKE)
V=//,500 £8S .
S = «-5:050 LAS,
o
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ﬁbﬂw 3 [l j
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v
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NOSE LANDING GEAR
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~ORM 20-7A
iR.11-83)

ENGINEER PAGE

NORTHROP CORPORATION
NORAIR DIVISION REPORT WO,

MooEL

CHECKER

DATE

Foreword

This report is one of a series of reports submitted by Nortirop
Corporation - Norair Livision per contract No. NASI-6777 for tre Y/LTGL
Jet Operations Research Airplane Design Study.,.

Issued in general accordance with the requiremnents of MIL-W~25141,
(ASG) for an estimated weight report. Justification of the weight
estimate, accuracy and contingency analyses are included.

Definitions

New Airplane
N-309 - Drawing No. AD-4486A

VIOL Weight 18,000 1los.
2 J85-19 Lift Cruise Engines
7 J85-19 Lift Engines (Space for 8)

Modified Airplane
T-39A - Drawing No. AD-4448a
VIOL Weight 20,200 lbs,
2 J85-19 Lift Cruise Engines
7 J85-19 Lift Engines (Space for 10)

5-II=-3



ORM 20-7A
(R.11-683)

ENGINEER

CHECKER

NORTHROP CORPORATION
NORAIR DIVISION

PASE

REPORT NO.

DATE

MODEL

Section 1

N-309
Drawing No., AD-4486A
New Airplane

< See Page 1-3 of this report )
or Page 5-II-92 of this section
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“ORM 20-7A

(R.11-63)

e
ENGINEER
! NORTHROP CORPORATION

I CHECKER NORA'R DlV'SlON REPORT NO.
DATE Phase 111 MooEL
Mass Properties Data
Table of Contents
Page Number Title
Section I - New Airplane N-309
1 Design Gross Weight Summary
2 Summary Weight Statement
3-7 AN-9103D - Group Weight Statement
8-42 AN-9102D - Detail Weight Statement
43 Airframe Weight Derivation
G4-48 Weight & Balance Calculations
49 Center of Gravity Diagram
50 Moment of Inertia Diagram
51 Graph - Hover Time vs. Operating Weight Empty
52-78 Weight Justification
79-85 Accuracy Analysis
86 Contingency Analysis
87 General Arrangement Drawing AD-44864
88 Inboard Profile Drawing AD-4513
89 Structural Arrangement - Wing AD-4501
90 Structural Arrangement - Fuselage AD-4500
91 Structural Arrangement - Empennage  AD-4502
92 Structural Arrangement - Main Gear AD-4493
93 Structural Arrangement - Nose Gear  AD-4494
94 Hover Control System Drawing AD-4499
Section I1 - T-39 Modified Airplane
| 95 Design Gross Weight Summary
96 Summary Weight Statement
97-101 AN-9103D - Group Weight Statement
102 Airframe Weight Derivation
103 Center of Gravity Diagram
104 Moment of Inertia Diagram
105 Graph - Hover Time vs. Operating Weight Empty
106 Contingency Analysis
1 107 General Arrangement Drawing AD=4448A
108 Inboard Profile Drawing AD-4512
109 Structural Arrangement - AD=LL91
e ——————— L
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TORM 2T A

(R.11-63) ENGINEER
I NORTHROP CORPORATION
. Fchecken NORAIR DIVISION REPORT NO.
DATE Summary Weight Statement MODEL
. New Airplane N-309
AD-4486A
Composite
. J-835s
Structure (4,568)
l Wing 930
g:;; (incl. air induction 2 gg?
& exhaust doors) ’
' Alighting Gear 792
Direct Lift Lift/Cruise
Propulsion & Nacelle (3,261) (2,159) (5,420)
Engine Installation 2,709 784
l Swivel Nozzle/Diverter Valve 231 150
Engine Section, Nacelles
& Pylons 189 491
' Air Induction 35 36
Exhaust & Cooling 14 138
Lubrication System 7 2
Engine Controls 50 28
l Starting System 26 15
Constant Speed Drives -—- 140
Fuel System -- 375
l Power Systems (1,561)
Surface Controls 508
Hydraulics 190
' Electrical 335
Hover Controls (ducting & valves) 528
' Equipment Groups ( 869)
Instruments 171
Electronics 220
Furnishings & Equipment 410
' Air Conditioning & Anti-Icing 68
Contingency e 267)
. Weight Empty 12,685
Operating Weight Empty Items ( 508)
Crew (2) 400
Unusable & Trapped Fuel 45
I 0il 63
Operating Weight Empty 13,193
l Usable Fuel 4,007
Payload 800
' Maximum VTOL/Gross Weight 18,000
i o



3
PAGE
AN-9103-D
A
SUPERSEDING '; A‘T‘: MODEL ___ N-309
AN-9103-C REPORT
N-309
AD-4486A

Composite Mode
New Airplane

GROUP WEIGHT STATEMENT

ESTIMATED - GAKENKXXEIXAIIRIKEK
(Cross out those net applicable)

CONTRACT NO.

AIRPLANE, GOYERNMENT NO.
AIRPLANE, CONTRACTOR NO.
MANUFACTURED BY

MAIN AUXILIARY
w MANUFACTURED BY General Electric General Electric
w :
g MODEL J85-19 J85-19
w
NO. 2 7*
& | MANUFACTURED BY
-l
-d
W | DESIGN NO.
[-]
& 1 no. '

% .
Provisions for 8

5-I1-8




2 4
AN-9103-D GROUP WEIGHT STATEMENT PAGE
NAME VEIGHT EMPTY MODEL _
DATE REPORT
1 WING GROUP 930
2 CENTER SECTION . BASIC STRUCTURE 158
3 INTERMEDIATE PANEL . BASIC STRUCTURE
4 OUTER PANEL - BASIC STRUCTURE (INCL. TIPS 0 LBS) 248
5
6 SECONDARY STRUCTURE (INCL. WINGFOLD MECHANISM © LBS.) 82
7 AILERONS (INCL. BALANCE WEIGHT 0 LBS.) 30
8 FLAPS . TRAILING EDGE 51
9 - LEADING EDGE 61
10 SLATS
11 SPOILERS
12 SPEED BRAKES
A3
14
15§ TAIL GROUP 309
16 STABILIZER - BASIC STRUCTURE - All Moveable 144
17 FINS - BASIC STRUCTURE (INCL. DORSAL LBS.) 97
18 SECONDARY STRUCTURE (STAB. & FINS)
19 ELEVATOR (INCL. BALANCE WEIGHT LBS.) 33
2 RUDDERS (INCL. BALANCE WEIGHT O LBS.)
21 Dorsal Fairing 7
22 Ventral Fin/Skid 28
23 BODY GROUP 2,537
24 FUSELAGE OR HULL - BASIC STRUCTURE 1,751
25 BOOMS - BASIC STRUCTURE
26 SECONDARY STRUCTURE . FUSELAGE OR HULL 375
27 - BOOMS
28 - SPEEDBRAKES
29 - DOORS, AKX XS X 411
30
31 ALIGHTING GEAR GROUP - LAND (TYPE: Tricycle ) 792
32 WHEELS, BRAKES
LOCATION STRUCTURE CONTROLS
3 TIRES, TUBES, AIR
34 Main 170 330 100 600
35 Nose 26 159 7 192 )
36
37
38
39
40 ALIGHTING GEAR GROUP . WATER
41 LOCATION PLOATS STRUTS CONTROLS
42
43
44
45
46 SURFACE CONTROLS GROUP 508
_41 COCKPIT CONTROLS 68
438 Stab ntor 118
49 SYSTEM CONTROLS (INCL. POWER & FEEL CONTROLS All LBS.) 322
50
51 ENGINE SECTION OR NACELLE GROUP 680
52 INBOARD
53 CENTER - Lift Engines 189
54 OUTBOARD - Lift/Cruise Engines 146
55 DOORS, PANELS & MISC. (Incl. in nacelles)
56 Nacelles (Incl. 13 lbs. Access Doors) 345
57 TOTAL (TO BE BROUGHT FORWARD) 5,756

5-11-9
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AN-9103- PAGE 3
Nt GROUP WEIGHT STATEMENT MODEL N300
DATE WEIGHT EMPTY REPORT

1 PROPULSION GROUP N 4,740

2 | AUXILIARY -Lift MAM-Cruise

3 ENGINE INSTALLATION 2,709 784

4 AFTERBURNERS (IF FURN. SEPARATELY)

5 ACCESSORY GEAR BOXES & DRIVES - CSD 140

[ SUPERCHARGERS (FOR TURBO TYPES)

7 AIR INDUCTION SYSTEM 35 36

[ EXHAUST SYSTEM 14 138

9 XEREKXXXXXEM Swivel Nozzle/Diverters 231 150

10 LUBRICATING SYSTEM 7 2

1" TANKS (Incl. in Eng. Wt,)

12 COOLING INSTALLATION

13 DUCTS, PLUMBING, ETC. 7 2

" FUEL SYSTEM 375

15 TANKS - PROTECTED

16 - UNPROTECTED 90

17 PLUMBING, ETC. 285

18 WATER INJECTION SYSTEM

19 ENGINE CONTROLS 50 28

20 STARTING SYSTEM 26 15

21 PROPELLER INSTALLATION

22

23 Propulsion Sub-Totals (3072) (1668)

24 AUXILIARY POWER PLANT GROUP

25 INSTRUMENTS & NAVIGATIONAL EQUIPMENT GROUP 171
26 HYDRAULIC & PNEUMATIC GROUP 190
27 Hover Control System (Ducting & Valves) 528
28

29 ELECTRICAL GROUP 335
30

3

32 ELECTRONICS GROUP 220
13 EQUIPMENT 174

34 INSTALLATION 46

35

36 ARMAMENT GROUP (INCL. GUNFIRE PROTECTION L8S.)

37 FURNISHINGS & EQUIPMENT GROUP 410
a8 ACCOMMODATIONS FOR PERSONNEL 305

39 MISCELL ANEOUS EQUIPMENT 44

40 FURNISHINGS 26

4 EMERGENCY EQUIPMENT 35

2

43 AIR CONDITIONING & ANTI-ICING EQUIPMENT GROUP 68
44 AIR CONDITIONING & Equipment Cooling 61

45 ANTILICING -~ Cabin Defog 7

46

47 PHOTOGRAPHIC GROUP

48 AUXILIARY GEAR GROUP

49 HANDLING GEAR

50 ARRESTING GEAR

51 CATAPULTING GEAR

52 ATO GEAR

53

54

55 MXNDONOXEXNEMIGUUODK Contingency 267
56 TOTAL FROM PG. 2 5,756
§7 WEIGHT EMPTY 12,685

~ 5-11-10




.9103- 6
NN GROUP WEIGHT STATEMENT T
B USEFUL LOAD & GROSS WEIGHT REPORT
1 Composife Mode fT mode |
3 LOAD CONDITION vro{ Gperatin — Uperatig
3 CREW(NO. 2 ) 400 [~ 00 400 400
4 _PASSENGERS (NO. )
5 FUEL Type Gals.
6 UNUSABLE JP-4 6.9 45 45 %5 5
7 INTERNAL-Flight JP-4 616.5 4,007
s -Flight JP-4 369.8 2,404
9
10 EXTERNAL
n
12__BOMB BAY
13
14 OIL (9 pounds per engine) 63 63 70 70
15 TRAPPED
16 ENGINE
17
18_FUEL TANKS (LOCATION )
19 WATER INJECTION FLUID ( GALS)
20
21_BAGGAGE
22 CARGO
23
24_ARMAMENT
25 GUNS (Lecotion) Fix, or Flox. Quy. Cel.
26
27
28
29
30
3
32 AMMUNITION
3
EY)
35
3
37
3
9 INSTALLATIONS (BOMB, TORPEDO, ROCKET, ETC.)
*40 BOMB OR TORPEDO RACKS
4
42 variaole Stability System 500 500
43 NASA Research Equipment 300 ==
“
45
46 EQUIPMENT
47 ___PYROTECHNICS
48 PHOTOGRAPHIC
m
*50 __ OXYGEN
51
52 MISCELLANEOUS
53
54
55_USEFUL LOAD 5,315 508 3,419 S15
56 WEIGHT EMPTY 12,685 12,685 12,881 12,881
57 _GROSS WEIGHT 18,000 13,193 16,300 13,396

*If not specified as weight empty.

5-11-11



AN 103D GROUP WEIGHT STATEMENT oo N-37o9
oare - DIMENSIONAL & STRUCTURAL DATA REPORT
1 LENGTH - OVERALL (FT) 55 58 S HEIGHT OVERALL STATIC (FT) 15 33 L
2 o o _Main Floots | Aux. Floots | Booms | Fuse ottt Fopea T - Nazalee ,__Oyzlgegjh,
3 LENGTH - MAX. (FT.) L i ] 46,25 | 121 a .
4 DEPTH .MAX. (FT) bl 94250 4O S
5 WIDTH - MAX. (FT.) oyl 5.667 ) 28 _
6 WETTED AREA (SQ. FT.) R 723 | 150 I
7 FLOAT OR HULL DISPL. - MAX (LBS.) B ) I
8 FUSELAGE VOLUME (CU. FT) o PRESSURIZED TOTQ}_ i
9 I e e Wing | M Tall 4; v. Tail
10 GROSS AREA (SQ. FT.) e L2100 ] 66.6 ] 48.0 ]
11 WEIGHT/GROSS AREA (LBS./SQ. FT.) o - 4e42] 1,95 3.0
12 SPAN (FT.) e e 3565 | 1547 _ 1.6
13 FOLDED SPAN (FT.) e L 1l
14
15 SWEEPBACK - AT 25% CHORD LINE (DEGREES) o T 20 21 w0
16 -AT  %CHORD LINE (DEGREES) [ R S
*417 THEORETICAL ROOT CHORD - LENGTH (INCHES) N 101.5 | 78,5 | 117,0
18 - MAX. THICKNESS (INCHES) ~113.195{ 7.85 11,70
**19 CHORD AT PLANFORM BREAK - LENGTH (INCHES) - N
20 - MAX. THICKNESS (INCHES) o b -
**+21 THEORETICAL TIP CHORD - LENGTH (INCHES) ] 4046 ] 24,0 35.0
2 " UMAX. THICKNESS (INCHES) T T 4.872] 2.40 1 T 3.50
23 DORSAL AREA |Nc1_uoeo_|§ Wﬁ(v TAIL) AREA (SQ. FT) 35 ]
24 TAIL LENGTH - 25% MAC WING TO 25% MAC H. TAIL (FT.) ;;_g“d_ o e
25 AREAS (SQ. FT) Flaps| LE. 23,2 e 23.2 1 ;
26 i an-val Connal. Slats N Spoilers Ailerons 8___(a_f_t_9_f‘“
27 ) Spo.d Bvcﬁ.l _!Lﬂg o o Fuse. or Hull hlnge line)
28 ] B -
29 e o
30 ALIGHTING GEAR ~ (LOCATION) Nose | Main
N LENGTH - OLEO EXTENDED - € AXLE TO ¢ TRUNNION (INCHES) 62,5 | 68,0 | .
32 OLEO TRAVEL - FULL EXTENDED TO FULL COLLAPSED (INCHES) 20,0 | 19.25
33 FLOAT OR SKI STRUT LENGTH (INCHES) ]
34 ARRESTING HOOK LENGTH - ¢, HOOK TRUNNION TO ¢ HOOK POINT (INCHES) B
35 HYDRAULIC SYSTEM CAPACITY (GALS.) - o
36 FUEL & LUBE SungéMsif Location No. Tanks **A4Gals. Protected No. Tanks | ****Ggls. Unprotected
37 ) Fuolr-”lrnumol —«”V‘I-Ing ) )
38 - o Fuse. or Hull 6 707.7
39 Exnmol T
740 Bnmb Bay
Q o
42 on 7
%
44
45 STRUCTURAL DATA - CONDITION Fuel inWings (Lbs.) Stress Gross Welght Uls. L.P.
46 WFLIGHT 0 18,000 5.625
47 LANDING
48
49 MAX. GROSS WEIGHT WITH ZERO WING FUEL
50 CATAPULTING ~
51 MIN. FLYING WEIGHT
52 LIMIT AIRPLANE LANDING SINKING SPEED (FT./SEC.)
53 WING LIFT ASSUMED FOR LANDING DESIGN CONDITION (%W)
54  STALL SPEED - LANDING CONFIGURATION - POWER OFF (KNOTS)
55  PRESSURIZED CABIN - ULT. DESIGN PRESSURE DIFFERENTIAL - FLIGHT (P.S.1.)
56
57 AIRFRAME WEIGHT (AS DEFINED IN AN-W-11) (LBS.) 7,837 lbs.
e *Lbs. of sea water (@ 64 1bs./cu. ft. ***barallel to & lllpllne.
Parallel 1o ¢ at airplane, whiwp o ol usable capacity.

5-I1-12
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AN-9102-D ' PAGE 8 ~
SUPERSEDING NAME MODEL N-309 -
AN-9102-C DATE REPORT
N-309
AD-4486A

Composite Mode
New Airplane

DETAIL WEIGHT STATEMENT

ESTIMATED - CIROCXACOL KM CAXDEX
(Cross out those net applicable)

CONTRACT NO.

AIRPLANE, GOVERNMENT NO.
AIRPLANE, CONTRACTOR NO.
MANUFACTURED BY

MAIN AUXILIARY ]
|
y MANUFACTURED BY General Electric | General Electric
g MODEL J85-19 J85-19 "”4
w
NO. 2 o
i | MANUFACTURED BY ]
E 7
-
& | DESIGN NO. o
g !
& | no. |

*Provisions for 8

5-11-13
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- 9
AN-9102-D PAGE
WING GROUP
NAME MODEL.  N-309
DATE BASIC STRUCTURE REPORT -
1 Comter Imeem. - Outer I
2 Section | Panel 1 . Penel .
s | cope no. 1 1 :
4 _UPPER - SPAR CAP - FRONT N )
5 - . INTERMEDIATE L
& -REAR . A
7 . AUXILIARY N |
8 - INTERSPAR COVERING 29 o 58 g
9 sPANWISE STIFFENERS 19 _ 66 i
10 - JOINTS, SPLICES & FASTENERS 27 | 21 ,
n '
12 B B
12 _ 4
3 SR .
14 _LOWER - SPAR CAP . FRONT 1 1 ; ;
15 . INTERMEDIATE - i
\r . REAR o
7 . AUXILIARY , o i
18 - INTERSPAR COVERING 17 N :
19 SPANWISE STIFFENERS 19 166 ‘
2 - JOINTS, SPLICES & FASTENERS 27 T 2L ‘
21
2 ] I SO
3 _ o R B
24 SPAR WEB & STIFFENERS - FRONT 5 15 | . B}
25 . INTERMEDIATE SRS S S
26 - REAR 5 15 _ -4
27 - AUXILIARY _ i
) - JOINTS, SPLICES & FASTENERS o -
2 Lo
30 Wing Trunnion Ribs o 38 -
31 Landing Gear Trunnion Ribs 28 _
32 INTERSPAR - RIBS 10 27 ]
33 - BULKHEADS I .
34 - CHORDWISE STIFFENERS T N
35 J
36 LEADING EOGE - COVERING 23 ] ,
37 . STIFFENERS 19 L \
38 - RIBS b —
39 . AUXILIARY SPARS 5 i ,
40 - JOINTS, SPLICES & FASTENERS 5 1 )
N I S I e
42 _ S
43 TRAILING EDGE - COVERING 36 N
“ - STIFFENERS 30 4
45 - RIBS 8 e
46 - AUXILIARY SPARS 8 o
47 - JOINTS, SPLICES & FASTENERS 8
48 ]
) B
50 TIPS S
51 -
52 FIREWALL ( STRUCTURAL) -
53 e
54 -4 o
[T 1 S
56 TOTALS - BASIC STRUCTURE 158 348 .
57_TOTAL (TO BE BROUGHT FORWARD) . 106
5-I1-14
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AN-9102-D
NAME

DATE

WING GROUP
SECONDARY STRUCTURE
(DOORS, PANELS & MISCELLANEOUS)

PAGE

10

MODEL

N-309

REPORT

- "

Leeotion Ares

3¢ Pr.

Type

Operating Meshenlom

Meochanism Power

& Comvrols

$Srueture Lock

Mech.

Actuster
Teans.

o oo o=

JcopE no.

5 WING FOLD

=3
-6
7

DOORS & FRAMES-L ANDING Strut | Strut 11

32

8
9 - Landing Wing H 10

29 21

10

n . BOMB

12

13

i - GUN

15

16 - AMMUNITION

17

18 - ROCKET

19

.4 - LIFE RAFTY

21

22. - ESCAPE

23

24 - ACCESS

25

26

27

28 PANELS-(NON STRUCTURAL)

29

30

3N

32

33

k)

35

36

37

39

40

41

42

43

44

45

46

47

48

49 WALKWAYS, STEPS, GRIPS

50

51 FAIRING & FILLETS

52

53 EXTERIOR FiNISH

54

55

56 _TOTALS

61 21

57 _TOTAL - SECONDARY STRUCTURE (YO BE PROUGHY FORWARD)

82

*Iadicate location for major doers by C.8., O.P., LP., ex.

)AN PRESS, HAMILTON, IO
%0

5-11-15
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AN-9102-D PAGE 11
NAME WING GROUP

MODEL N-309
DATE CONTROL SURPACES REPORT

W N e

Allorons Y.4. Pigpe L.E. Plaps or Slats Speed
Inb'd Owb'd | Inb'd owh'd | Inbd owtra |

_ [coDE NO.
_5 SPARS 3 4

UC‘A

RS -

D S S P

00|~ O

-

RIBS 4 8 10 ]

|

—
-

-
»~

COVERING & STIFFENERS 16 26 30

-t
w

-
»

—
w

T.E. STRIPS ]

-
o

-
~

FABRIC & DOPE ]

-
[ ]

-
©

TABS

TORQUE TUBES

BALANCE WEIGHTS & SUPPORTS

AERO. SEAL

CONTROL HORNS

ACCESS DOORS (NON STRUCT.)

HINGES & PINS 5 6 8
EXTERIOR FINISH
TOTALS - SURFACE ( We 25 43 )t e 52 )

$ggng, SURFACE SUPPORTS
HINGES ) 8 9

BRACKETS
TRACKS
CARRIAGES

LM BN EEE R R R S

&~
*

L
~

TOTALS - SUPPORTS _
TOTALS (LINES 414 52 30 51 61
TOTALS - CONTROL SURFACES 30 51 61
TOTAL 142
TOTALS PROM PGS. 24 3 788

TOTAL - WiNG GROUP 930

-
W
-
-
[e 2]
-
-
O
e~
-
=

@«
-

5-11-16
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A - TME REPUBLICAN PSS, WAMILTON, OMI0
YT, 1980 “

12
NAME BASIC STRUCTURE MODEL
DATE REPORT
1 §robilizer %g,,;” - ]
2 C.8. 0.r. Conter L)X Derael
3 | cooE wo.
4 UPPER - SPAR CAP . FRONT
5 - INTERMEDIATE
6 . REAR
7 - AUXILIARY
8 - INTERSPAR COVERING
9 SPANWISE STIFFENERS
10 - JOINTS, SPLICES & FASTENERS
1 Spars - Front (incl. caps) 4
12 - Center (ingl, ggil 6 4
13 - Rear (incl. caps 3 3
14 LOWER - SPAR CAP - FRONT
15 - INTERMEDIATE
16 . REAR
17 - AUXILIARY
18 Total - INTERSPAR COVERING 37 19
19 Total SPANWISE STIFFENERS 5 10
20 Total. JOINTS SPLICES & FASTENERS 8 8
Y
22
o)
24 SPAR WEB & STIFFENERS - FRONT
25 - INTERMEDIATE
26 - REAR
z - AUXILIARY
2 - JOINTS, SPLICES & FASTENERS
2
0
3N
32 INTERSPAR - RIBS 13 16
33 - BULKHEADS
34 - CHORDWISE STIFFENERS
35
36 LEADING EDGE - COVERING 9
37 - STIFFENERS 2
38 . RIBS 3
» - AUXILIARY SPARS
40 - JOINTS, SPLICES & FASTENERS
41
Q2
43 _TRAILING EDGE - COVERING 3
4 - STIFFENERS
45 - RIBS
46 - AUXILIARY SPARS
47 - JOINTS, SPLICES & PASTENERS
48 Trailing Edge Strip Vi
49
50 TIPS 6 8
51
52 Torque Tube Installation 35
53 Miscellaneous 4 8
54
55 TOTALS l44 97 28 7
56 TOTALS - BASIC STRUCTURE 144 132
57_TOTAL (TO BE T PORWAR 276
5-I1-17




AN-9102-D
NAME
DATLE

TAIL GROUP
CONTROL SURFACES

PAGE

13

MODEL

N-309

REPORT

Rudders

Eloveters Canter

Ovter

| coDE No.

7

12 COVERING & STIFFENERS

15 T. E. STRIPS

17 FABRIC & DOPE

21 TABS

23 Honeycomb Core & Bonding

25 TORQUE TUBES

29 BALANCE WEIGHTS & SUPPORTS

31 AERO. SEAL

34 CONTROL HORNS

37 ACCESS DOORS (NON STRUCTURAL)

39 HINGES & PINS

40 EXTERIOR FINISH

TOTALS - SURFACE

( M 30

CONTROL SURFACE SUPPORTS

45 HINGES

46 BRACKETS

52 TOTALS - SUPPORTS

53 TOTALS (LINES 42 & 52)

"54 TOTALS - CONTROL SURFACES

55 TOTAL

56 TOTALS FROM PGS. 54 6

33
276

57 TOTAL - TAIL GROUP

309

Beo. Teg REEGE 1AM PRESS, HAMK TON, OMIO

5-I11-18




AN-9102-D
NAME

80DY GROUP

DATE

SASIC STRUCTURE

A

CODE NO.
SECTION

BULKHEADS & FRAMES

e

Srations Fwd Center

Bulkhead

B e -

112 12

Bulkhead

271 31

Bulkhead

310 1 25 ]

Bulkhead

,‘
Wi !N AW N -

Bulkhead

369 I 25 .

10 Bulkhead

398 L 25

1_Bulkhead

Fuseloge or Hult

11-27{271-507 ;507-afd

340 125 | .

PAGE

14

MODEL
REPOR

N-309

T

Aft

B

12 Bulkhead

465 30

13 Bulkhead

507 31

14 Frame

542

1S_Frame

i6 Frame

605

7

18

578 129 |

Beems

19

21

n

24 MINOR FRAMES

50 215

43

25 JOINTS, SPLICES & FASTENERS 13 62

13

26 OVERTURN STRUCTURE

27

28 COVERING - UPPER BETWEEN LONGERONS

2 - SIDE BETWEEN LONGERONS

30 - LOWER BETWEEN LONGERONS

N

32 COVERING LONGITUDINAL STIFFENERS - UPPER BETW. LONG. 53

3

. SIDE BETW. LONG. 26 52

M

- LOWER BETW. LONG. 30 49

35

3

37 LONGERONS - UPPER

14 30

38 - LOWER

12 30

¥ Engine Mount Structure 150

40

41 LONGITUDINAL PARTITIONS - (STRUCTURAL)

42

43 FLOORING & SUPPORTS - (BASIC STRUCTURE) 38 60

10

4“4

45 Miscellanegqusg

54 275

46

47 FIREWALL - (STRUCTURAL) 20

4

49 KEELSONS

50 KEEL

F1]

52 CHINE & SPRAY STRIPS

53 STEP ASSEMBLY

54 STAIRWAY - (STRUCTURAL)

85 TOTALS

280 1182

289

56 TOTALS - BASIC STRUCTURE 1751

57 TOTAL (TO BE BROUGHT FORWARD)

1751

*List sll main & watertight bulkheads & frames individually. Minor frames may be combined.

5-11-19
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-

J

AN-9102-D BODY GROUP zgg; N300
g:;‘i SECONDARY STRUCTURE REPORT
1 Fuselage or Mull Seoms Speed Brakee
2 CODE NO.
: SECTION | Fwd | Center{ Aft
5 _ENCLOSURES (EXCLUDING TURRET ENCLOSURES)
6 CANOPY 170
7 CANOPY-OPERATING MECHANISM 80
8 __-RAILS J
X __.CYLINDERS, PLUMBING, FLUID
10
1" GUNNER - TAIL
12
13 BOMBARDIER
14 SIGHTING BLISTERS
15
16 WINDSHIELD (EXCLUDING BULLET PROTECTION) 45
7
18 WINDOWS & PORTS INCL. FRAMES 25
19
20 Flooring & Equipment Supports 20 10 25
21
22
%)
24
25
26
27
28 FLOORING & SUPPORTS (SECONDARY STRUCTURE)
2
0 .
31 STAIRWAYS & LADDERS (FIXED)
32
33
34 STERNPOST & FITTINGS
35 NOSE BUMPER (HULL)
36 RUBBING STRIPS
37
38
39
40 TAIL CONE
41
2
43 SPEED BRAKES - STRUCTURE
“ - SUPPORTS
45
4
47
48
4
50
51
52
53
54
55 TOTALS 34 10 25
56 TOTALS - SECONDARY STRUCTURE 375
57 TOTAL (7O BE BROUGHT FORWARD) 375

*From main disuibution poiat © actuatiag wait.

5-11-20
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AN-9102-D BODY GROUP PAGE 16
NAME SECONDARY STRUCTURE MODEL ___N-309
DATE (DOORS, PANELS & MISCELLANEOUS) REPORT
! * - e _ .Operating Mechenism
2 Lecstion Tyoe Aroe Strvature | Mechanism Power Leck
3 Power ¢ Po. & Conwels Trans. Actveter Mech. Emery. )
4 ~_JcooE no. I R
5 DOORS & FRAMES B
é - LANDING Nose H 7.5 15 20 1
7 - Air Intake H 38 76 49 o
8 - Exhaust H 35 102 30 | . 1 _
9 -
10 - BOMB ~ o
n L .
12 - - }
13 - GUN L - o
14 B I o
15 - AMMUNITION N R
16 I S SR B
17 - ROCKET B R N
18 1.1
19 - LIFE RAFT
20 - o
21 - ESCAPE _
2
23 ——— ——y
Y] - WATER TIGHT .
25
26 - COMPARTMENT -
27
28 - ENTRANCE
29 -
30
31 - ACCESS Fwd, Fis, 19 57
32 Cntr, Fus. 7 21
33 Aft Fug§, 12 36
34
35 - ENGINE
36
37 - CAMERA
38
39 PANELS . (NON STRUCTURAL) _
40
41
42
a3
“
45
46
47
48
49 WALKWAYS STEPS, GRIPS 5
50
51_FAIRING & FILLETS
52 EXTERIOR FINISH
53
54 TOTALS 312 99
55_TOTAL - SECONDARY STRUCTURE (DOORS, PANELS MISC. 411
56 TOTALS FROM PGS. 8 & 9 2126
57 _TOTAL - BODY GROUP 2537
*Indicate location for major doors by B - Booms, F or H fer **H . Hydraulic,E - Elecuical, P - Pacumatic; power trans-
Fuselage or Hull. mission from maia distribution point to actuating unit.
5~II-21
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AN-9102-D PAGE 17

NAME ALIGHTING GEAR GROUP MODEL N-309

DATE REPORT

1
2 TYPE: Tricycle *LOCATION Nose Main

3 | CODE NO.

4 *LOCATION T

5 Ne. $Size . Size Ne. Size 1 -

6 WHEELS ITi8 x 5.5

NI 2
NIN
Nn
X %
[ood [o o]
.

7T TIRES |1 [18 x 5.5 14 49

8 TUBES N

9 AIR

W0 BRAKES - Modified F-5A 75

n NO. & rvnf | [

12 ENERGY CAP. *™*

13 _ANTI-SKID DEVICE

L)

15 FLOATS . BULKHEADS

1 - FRAMES

7 - COVERING

18 - COVERING STIFFENERS (LONGITUDINAL)
19 - KEEL SONS

0 - KEEL

21 - LONGITUDINAL PARTITIONS
22 - CHINE & SPRAY STRIP

23 - STEP ASSEMBLY

24 - POST ASSEMBLY

25 - NOSE BUMPER

26 INSPECTION DOORS

T WALKWAYS

28 EXTERIOR FINISH

29 SKIDS OR BUMPERS

0_SKis
3
32 TOTALS . RUNNING GEAR 26 11 170 e
n
34_STRUTS . DRAG 26
35 - SIDE 77
) - FLOAT
37_PYLON
38 SHOCK STRUT - STRUT (INCL. LBS OIL) 127 245
» - FORK
) - AXLE
4 - TORQUE ARMS
7! - TRUNNIONS
43 SHIMMY DAMPER OR SNUBBER 6
44 Shrink Mechanism 8
45 FITTINGS - MAIN ATTACH. - WING
“ - TAIL
a - BODY
4 - NACELLE
o
50_FAIRING
5
52
53 _ .
54 .
55 PINS, BOLTS, NUTS, ETC.
56 TOTALS . STRUCTURE 159 330 ) )f
57_TOTALS (LINES 32 4 56) (TO BE BROUGHT PORWARD) 185 500
*Descriptive location - Nose, Tall, Maia, Ourigger, Bumper, etc. **Ft. Ibs./brake

5-I1-22
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AN-9102-D PAGE
NAME ALIGHTING GEAR GROUP MODEL ___ N=309
DATE CONTROLS REPORT
1
2 **LOCATION Nose Main
3 Brake Emery. Brake Cmery. € merg. Emary.
4 Retrasr Oper. Exe. Sreering | Retrect Oper. Ext. Rewest Ext. Retrect Exr.
5 |CODE NO.
6 MECHANICAL OPER. MECH.
7 CONTROL S 17
8 ACTUATORS

9

10

n

12 ELECTRICAL OPER. MECH.

13 CONTROLS

*14___ WIRING, CONDUIT, ETC. 2

15 OPERATING MOTORS

16 MECHANISM

17 Switches 7

18

19

20 HYDRAULIC OPER. MECH.

21 CONTROLS

*22  PLUMBING & FLUID 7 13 21

PUMPS

RESERYOIRS

ACCUMULATORS

ACTUATORS 13 ] 10

MECHANISM

PNEUMATIC OPER. MECH.

CONTROLS

__PLUMBING

PUMPS

BOTTLES (AIR)

ACTUATORS

_MECHANISM

o gl el e 1 e oo o o 1o |32 o2 s s

41 LOCKING MECHANISM 17

42 BRACES

43 LINKS

44 PARKING BRAKE CONTROL

45 _POSITION INDICATING MECH.

=11

ETC. - WING

-TAIL

“E

-NACELLE

w
-

53 _TOTALS 1 52 |31 17

54 TOTALS - CONTROLS 7 100

$5 TOTALS FROM PG. 11 85 500
$¢_TOTALS 92 600

% 192

*Fiom maia diswibution peiat w acwmating wait. "Dombﬁ:‘ .ums- - Nose, Tail, Maia, Ousrigger,
5_“—23
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19
02D SURFACE CONTROLS GROUP e e
DATE COCKPIT & AUTOPILOT REPORT
! [ coctan ugmfgntor
2. SR | Cemwsls | MMOMX |
> _ Jcopewe.] 1 i
4 CONTROLCOLUMNS = _
S CONTROL STICK OR COLUMN (PILOT) ) 14 )
6 __CONTROL STICK OR COLUMN (ASSIST. PILOT) o 16
7 CONNECTING MEMBERS FOR ABOVE (includes supports) = 71 ~
8 _SUPPORTS L s
9 R o
o e ]
w.o.o o I ] I
- - ]
13 RUDDER PEDALS RS R
14 RUDDER PEDALS, INCLUDING BRAKE TREADLE (PILOT) L s
15 RUDDER PEDALS, INCLUDING BRAKE TREADLE (ASSIST. PILOT) o 15 | .
16 CONNECTING MEMBERS FOR ABOVE  (includes supports) T - S
17 SUPPORTS L 1 -
» I P
I I e
. - —
2 ]
2 o _ ]
23 INTEGRAL PARKING LOCK
24 CONTROL STICK
25 RUDDER PEDALS .
26 SURFACES ) B}
27 L - . o
8
29 -
w —
3
32
33 _AUTOPILOT OR AUTO..FLIGHT CONTROL (TYPE: 3 AXis SAS )
34 CONTROLLER - Cockpit (2 Required) 6
35 XRXHEXXXER Electronic Package 16
36 SERVO AMPLIFIER
37 SERVO MOTORS
38  GYROS - Rate 7
39 Single Channel Servo Actuators (6 req.) 26
49  Solenoid shut-off valves (6 req,) 9
41 Trim mechanism - b}
42
4
“
45
46 SUPPORTS & BRACKETS
47
*48 _ PLUMBING & FLUID 15
*49  ELECTRIC PANELS, BOXES, SWITCHES, RELAYS, WIRING
56 PULLEYS, SPROCKETS, CHAINS, CABLES & Miscellaneous 34
51
52
53
54
55
56 TOTALS - COCKPIT CONTROLS & AUTOPILOT 68 118
57 _TOTAL (TO BE BROUGHT PORWARD) 186

*From maia diswibution poist to actwatiag uaits.
5-I1-24
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. 20
AN-9102-D . PAGE
R aTEn conTRoLs MODEL — N-309
DATE REPORT
1 .
2 Wing | Wing |L.EFiepsl T.E. speed | wav. | Reaction
3 Al Hlev. Red. Sweep Incid. |or Slets | Fleps _»Spcllon1 Brekes Adj. %NOZ.
4 - [cooe No. B . 1.1 j P
5 MECHANICAL OPER. MECH. . 4. ]
6 CONTROLS -
7 TENSION REGULATORS 10 1]

8 ACTUATORS . B R S
9 TRIM CONTROLS — R —~ L -
10 Ratio Changers 10 10 I I B )
11 ELECTRICAL OPER. MECN. — )
12 TYPE P _] = i
13  CONTROLS L]

*14  WIRINGS, SWITCHES, ETC. 9 =
15 OPERATING MOTORS 4
16 MECHANISM 15
17 TRIM CONTROLS 3 3 3 .
'8 Stroke Limiter 2
19 HYDRAULIC OPER. MECH.
20 TYPE P P P P P
21 CONTROLS
*22 PLUMBING & FLUID 12 10 9 2
23  PUMPS
24 RESERVOIRS
25 ACCUMULATORS
26 ACTUATORS 21 34 10 37 20
27 MECHANISM 27 28 16 ) 10
2 TRIM CONTROLS
2
30 PNEUMATIC OPER. MECH.
31 TYPE
32 CONTROLS
*33 PLUMBING
34 PUMPS
kL BOTTLES (AIR)
36 ACTUATORS
37 MECHANISM
38 TRIM CONTROLS
39
40 ARTIFIQAL FEEL 4 4 4
41 BUNGEE
42 BOB WEIGHT
43
44
45
46
47
48 SUPPORTS, GUIDES, ETC.
49 WING
50 TAIL
51 30DY
52 NACELLE
53
54 TOTALS 77 99 |42 28] 46 30
55 TOTALS - SYSTEM CONTROLS 322
56 TOTAL ( FROM PG. 13) 186
57 YOTAL . SURFACE CONTROLS GROUP 208
*From maia diszibution poiat ® actuating uaits. **Type - add (P) for ' ‘Powered Coatrols”
- or (B) for *‘Boost Controls®
5-11-25
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21
AN-9102-D PAGE
NAMF ENGINE SECTION OR MODEL N-309
DATE NACELLE GROUP REPORT
1 LItT Cruise
Inboerd Conter Outboord
2 _ Engines EnﬁlinﬂJr
3 |cooE No.
4_ENGINE MOUNT - Engine 63 22
5 - Diverter Valve Nozzles 26
6 SUPPORT BAY
7 VIBRATION ABSORPTION DEVICES
8
9
10 NACELLE STRUCTURE (332)
1 BULKHEADS AND FRAMES 126
12 COVERING & STIFFENERS 118
13 FITTINGS
4 LONGERONS 24
15 ATTACHING ANGLES, ETC. 10
16 Exhaust Blast Plates 54
17
18
19 PYLONS & STRUTS
20
21
p?)
*23 FIREWALL & Shrouds : 126 98
pY)
25 SHROUDS FOR FIRE PROTECTION '
26
27 COWLING
28 ENGINE COWL
2
2 :
31
32
33
Y
35 BAFFLES
3 ACCESSORY COWL OR SKIRT
37 COWL FLAPS
38 COWL FLAP CONTROLS & OPERATING MECH.
39
40
4 |
Q I
)
4“
45 FAIRING - NACELLE TO WING OR PYLON
46 STEPS & GRIPS
47 WORKING PLATFORM (BUILT IN)
48 INTERNAL WALKWAYS
49
50
51 INSTALLATION HARDVARE
52
53
54 '
55
56 TOTALS - SECTIONS OR NACELLES 189 478
57 TOTAL (TO BE BROUGHT FORWARD) 067
*1f in nacelle, or nom-structueal is wiag or body.
5-11-26
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i,

AN-9102-D
NAME
DATE

+

1
2 Loceation
3

4 ] cooE no.
ORS & FRAMES
- LANDING

o
(=]

| -ACCESS

NACELLE GROUP

DOORS, PANELS & MISCELLANEOU

,Qia.cél

PAGE

REPORT

O'Vou'lu' Mechanism

Mechanism
& Gontrels

Leck
Mech.

Power Actuarer

Trone.

- ENGINE _

25

26 PANELS - (NON STRUCTURAL)

27

28

29

30

31

32

22

MODEL ___ N-309

Emerg.

3

M4

35

36

37

38

39

40

41

42

4

44

45

46

47

48

49

50

51

52 EXTERIOR FINISH

53

54 TOTALS

55 TOTAL - DOORS, PANELS & MISC.

56 TOTAL FROM PG 15

ﬂ 13
I
i

667 _

57_TOTAL - ENGINE SECTION OR NACELLE GROUP

680

33

-

*Indicate locetion for major doors by Inb'd, conter, outh’'d,

& - TeE RERE. 1T AW PRESS, waml. TON, OMIO
- a0

1962

5-I1=-27

** M. Hydraulic, E-Electrical, P-Proumetic; power transmission

from mein distribution point te actuating unit.




AN-9102-D PAGE 23

‘NAME PROPULSION GROUP MODEL N-309
DATE - REPORT

R o Auxillwy = Lift Mein - Cruise |
2 . . .___JCODENO.| e
3 ENGINE INSTALLATION L 2940 934 |
4 ENGINE (AS INSTALLED) 1, 2709 | | 784

5 ENGINE & AFTERBURNER (AS INSTALLED) 1 ]

s REDUCTION GEAR BOX B - )
7 EXTENSION DRIVE SHAFT ] I

8 Diverter Valves e N I 150 _
9 Vectoring Nozzles I YO , -
10 AFTERBURNERS (IF FURNISHED SEPARATELY) L

11 ACCESSORY GEAR BOXES & DRIVES - CSD 146
12 SUPERCHARGER - COMPLETE (FOR TURBOS) - -
3o - LUBRICATING SYSTEM o 1

4 . SUPPORTS ]

15 . CONTROLS ] e

16 _ PIPING (EXHAUST TO SUPER.) ] o

]7 - - 4

18 e

19 AIR iNDUUC TION SYSTEM 35 a6

20 INTERCOOLERS AND SUPPORTS

21 AIR DUCTING AND SHROUDING 35 | 36

22 INTAKE DOORS & OPERATING CONTROLS

23 ARFILTERS
24 SCREENS & CONTROLS
5
2%
27
29
30 ,
31 EXHAUST SYSTEM 14 138
2 EXHAUST STACKS

33 EXHAUST COLLECTORS

34 COLLECTOR OR ENGINE SHROUD
35  TAILPIPE - Cruise Engines 44
36 TAIL PIPE SHRODIXAMRANSOLSTIOR - Diverters 80
37 TAIL CONE }

38 SILENCING DEVICES

39 SUPPORTS, BRACKETS, ETC.
40 Ejector Pumps _ 14 14
a
42
a8 .

44_COOLING SYSTEM _
45 RADIATOR AND SUPPORTS

46 SHUTTERS, SCOOP & DUCTS
47 EXPANSION TANK & SUPPORTS
43 LIQUID IN SYSTEM( GALS.)
49 PIPING, YENTS, CLAMPS ETC.
50
51
52 FANS
53 CONTRAVANES
54 FAN DRIVES T
55 CONTROLS & OPERATING MECH.
56
57 TOTALS (TO BE BROUGHT FORWARD) 2989 1248

5-11-28
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E PROPULSION GROUP
E LUBRICATING & FUERL SYSTEMS

PAGE

24

MODEL

N-309

REPORT

5
LI

7 |Bladder | Aft Fus,
8

¥ R

__ Awiliey -Lift

use-Cruise]

Lubricating Foel

Lubrieating | Fuel

| CoDE No.

15:“.‘—5 J ;’—Y"_-A_”—T; ) B Lecation

Vol. XX (Galea.)

e e e -

‘Bladder | Fwd, Fus,

276,9

Bladder | Center Fus.

107.7

oo (o F

323,1

INTEGRAL TANK SEALS & SEALANT

BACKING BOARD

35

TANK SUPPORTS & PADDING

TANK BAY SEALING

Thermal Insulation

15

TANK RELEASE & CONTROLS

OIL COOLING INSTALLATION

COOLERS & SUPPORTS (SIZE ) (NO.

DUCTS & SHUTTERS

AUTOMATIC OIL TEMP. CONTROL VAL VE

SHUTTER CONTROLS

FUEL VAPOR RECOVERY

OIL DILUTION SYSTEM

FUEL VAPOR INERTIOM SYSTEM - CYL. & SUPPORTS

- GENERATOR

. CONTROLS, ETC.

PUMP INSTALLATION Ne. Type

ENGINE DRIVEN

41

BOOSTER 4 Vane

28

42

HAND (INCL. CONTROLS)

43

TRANSFER

4“

45

46

FILLING SYSTEM - GROUND

12

47

- IN FLIGHT

4

49

DISTRIBUTION SYSTEM

143

TRANSFER SYSTEM

51

VENT SYSTEM

135

§2

PRESSURIZATION SYSTEM

DUMP SYSTEM

54 Drains
55

11

TOTALS - LUBRICATING & FUEL SYSTEMS

375

57

TOTALS (TO BE BROUGHT PORWARD)

377

[ e
-7 1982

5-11-29
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AN-9102-D PAGE 25
" NAME PROPULSION GROUP MODEL ____N-309
DATE REPORT
1 Availtery L1 f Mein=( tuisg
2 | copE no.
3 WATER INJECTION SYSTEM
4____TANKS (NO. ) (GALS/TANK )
5 PUMP
6  METERING UNIT
7 _VALVES & PLUMBING
8 CONTROLS
I S
10 - i
11 ENGINE CONTROLS 50 28
12 IGNITION i
13 THROTTLE Quadrants 15 | ‘
14 MIXTURE
15  SUPERCHARGER (SUP. INTEG. WITH ENG.)
16 AFTERBURNER
17 Anplifiers 10 3
18 Actuators 28 4
19 Installation 12 6
20 STARTING SYSTEM - Air Impingement 26 15 |
21 STARTER POWER UNIT (TYPE: ) !
22 STARTER (TYPE: I
23 STARTER CONTROLS
24 CRANK & EXTENSION
25 PRIMER & PIPING
26 MESHING SOLENOID
27 SWITCHES, WIRING & CONDUIT
28 Valves 19 10
29 Ducts 7 5
30
31
32 PROPELLER INSTALLATION (DIA. ) _(NO. )
33  PROPELLER
34 CUFFS
35  SPINNER
36 CONTROLS Tree Faun Fein
37 SPEED
38 PITCH
39 FEATHERING
40 REVERSING
4 —
Q2
o)
“
45
7  OIL ( GALS)
“*48 _ TANK & PLUMBING
49 ——
50
51 p———
52
53 '
54
55 TOTALS 76 43
56 TOTALS FROM PGS. 174 18 2996 1625
57 TOTAL - PROPULSION GROUP 4740
*GFP Weight **When separate oil system used.
5-11-30
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AN-9102-D PAGE 26

NAME AUXILIARY POWER PLANT GROUP MODEL N-309

DATE REPORT

v [cooewo.l T 7|
2 ENGINE OR POWER UNIT (MODEL ) .
'3 ENGINE SUPPORTS ____
A :
P — — -
6 AIR INDUCTION SYSTEM - B
7

8. _____ - .
9 EXHAUST SYSTEM o o
10 STACKS B
1 COLLECTOR . e
12 .
13

“ .
15 COOLING SYSTEM -
16 RADIATORS o
17 e
18 ' )
et e e ey

19 ‘ .
20 LUBRICATING SYSTEM
21 TANKS (VOL. GALS.)
2 PLUMBING }
n i !
24 |

25 i )
26 FUEL SYSTEM

27 TANKS (VOL. GALS.)

1) PLUMBING

2

30

31 CONTROLS

2

3

34

35 STARTING SYSTEM .
36 STARTER ;
37 |
38 ;
39 .
40 SUPPORTS

a

Q

o)

“

& :
4%

a

M

®

50

51

52

5

54

55

5

57_TOTAL - AUXILIARY POWER PLANT GROUP 0

5-11-31
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AN-9102-D INSTRUMENT & NAVIGATIONAL PAGE 27

NAME EQUIPMENT GROUP MODEL N-309

DATE INSTRUMENTS REPORT

1 Tronsmitter
* 2 FUNCTIONAL GROUPS & ITEMS Mumbor | ndismter | amplifiar | 'nerelietien Torel
3 |cope No.

4
_5 Fwd Cockpit - Flight Instruments (17.2) | ( 0.3) | (1.0) (18.5)
6 Airspeed/Machmeter 1 1.8 0.8 . 2.6

7 Clock 1 0.4 0.4

8 Standby Compass 1 0.9 0.9
9 Vertical Velocity 1 1.7 l.7
10 Pressure Altimeter 1 1.8 1.8

11 Flap Position 1 0.4 0.3 002 009

12 3 Slip 1 l.2 1.2

13 _Attitude 1 3.0 3.0

14 Bearing 1 3.1 3.1
15 Take-off Trim 1 0,6 Q.6

16 Angle of Attack 1 0,8 0.8

17 Radar Altimeter 1 l.5 l.5

18

19 Fwd Cockpit - Engine Instruments (28,8) | (24.0) | (1.7) (5445) |
20 0il Pressure - Cruise Engine 2 2,0 3.0 5,0
21 Fuel Management 4.5 16.5 21.0
] Tachometers - Cruise Engine 2 1.8 1.8
yx] Exhgu - u 2 3.0 3.0

24 2 1.0 3.0 1.7 Sal
25  Multiple Thrust Indication 1 10.0 10,0

2 Thrust Vector 1 led led 3.0

27 Lift Engine Start Lights (RPM,EGT,0i1) 8 5.0 5,0 |
28 .
29 Aft Cockpit - Flight Instruments (15.6)] ( 0.3) (1.0) (16.9) |
30 Accelerometer 1 Q.8 0.8
3 Airspeed/Machmeter 1 1.8 0.8 2,6

32 Clock 1 0.4 0.4

KX] Vertical Velocity 1 1.7 1.7
34 Pressure Altimeter 1 1.8 l.8
35 Flap Position 1 0.4 0.3 0.2 0,9 |
36 Turn, Slip & Sideslip 1 1.2 1.2

37 Attitude 1 3.0 3.0

38 Bearing 1 3.1 3.1 |
39 Take-off Trim 1 0.6 0.6 |
40 Angle of Attack 1l 0.8 0.8
41 {
&2 Aft Cockpit -~ Engine Instruments (28.2)1 (0 Y| (0 (28.2)
o) 0il Pressure - Cruise Engine 2 2.0 2.0
4 Fuel Flow ~ Cruise Engine 2 2:0 2.0

45 Tachometer - Cruise Engine 2 1.8 1.8
46 Exhaust Gas Temp. - Cruise Engine 2 3.0 3.0
47 Hydraulic Pressure 2 1.0 1.0
48 Fuel Quantity - Repeat Ind. 1 0.9 0.9

49 Multiple Thrust Indication 10.0 10,0
50 Thrust Vector 1 1.5 led

51 Lift Engine Stgrt Lights 8 5.0 9.0

52 tru essu e 1 1.0 1.0
53 INSTRUMENT POWER SYSTEM (TYPE

s4 Wiring & Misc. Installations 52.9 52,9

55

56

57 _TOTAL - INSTRUMENTS (TO SE BROUGHY FORWARD) 171.0

¥List items by fuactional groups (Flight, Eagine & Misc.). List sub-groups by crew stations; add supp. pg. 21A if mecessary.

AF - TME MERURLICAR FRESS, MANILTON, ONIO
LIAL AN -
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AN-9102-D INSTRUMENTS & NAVIGATIONAL PAGE 28
NAME EQUIPMENT GROUP MODEL N-309
DATE NAVIGATIONAL REPORT ___ =
1 Instelletion Nevig. Eavip. |
2 |copE wNo. .
_ 3 NAVIGATIONAL. INSTALLATION R
4 LOCKERS & SUPPORTS o
5 TABLES & SUPPORTS R
6 SHELVES & SUPPORTS ]
7 MAP CASES & REPORT HOLDERS B
8 ASTRODOME ]
9 CHARTBOARD ; e
10 STOWAGES & SUPPORTS . CHARTBOARD ‘ |
n - SPOTLIGHT ]
12 - DRIFTSIGHT
13 - ASTROCOMPASS
14
15
16
17
18
19 B
20
21
22
23
24
25 NAYIGATIONAL EQUIPMENT
26 PLOTTER
27 PARALLEL RULER
28 CHARTS
29 DRIFT SIGHT
30 SEXTANT & CASE
31 BINOCULARS
32 NAVIGATING WATCHES & BOXES
33 COMPUTERS
34 ASTROCOMPASS & ADAPTERS
35
36
37
38
39
40
4
Q
a3
44
45
46
47
48
49
50
51
52
53
54 TOTALS
55 TOTAL - NAVIGATIONAL ’ Q
56 TOTAL - INSTRUMENTS FROM PG. 21 171
57_TOTAL - INSTRUMENT & NAVIGATIONAL EQUIP. GROUP 171
5-I11-33
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AN-9102-D PAGE 29
NAME *HYDRAULIC & PNEUMATIC GROUP MODEL N-309

DATL o . REPORT

Puu-'-;lc ’ J

Hydreulic
[T ] e |
PUMPS & COMPRESSORS Model s

1

3

4 . o v .
5  CSD Mounted 2 Reqe _ . .. 28 _ | _ . . I U .
6

7

8

Usitisy Emergency

Engine Mounted 2 Reqe . | 28 |

+
: , .

9 [SRRN AN A U A S S »
W S S S DU SR I
1" JURU Y U - - S S e 4 —_—
12 REMOTE PUMP DRIVES ] S I E S R

13 Mo, | Medet T copuciry R R D
14 RESERVOIRS 2 | 11 gal., 20 R o - | I
15 I R D

16 AIR BOTTLES | ] _ S S S .
17 ACCUMULATORS| - T S
18

AU e
‘9 - - et — — ' -

20 - —— IS R —— s —— ——— e i s e ——————— - e —
21 FILTERS 12 R

22 PRESSURE REGULATORS 2

23  Low Pressure Warning 1 )
24 VALVES= 2

25 I - ——
2 e

27 Manifolds — .
8 Heat Exchanger === == .
Y .
30 CONTROLS

|

1 o -
Ve _,
3

M

35 PLUMBING & Miscellaneous 70

“ e e i e  — N
v , l
’ - .

39
40 FLUID IN SYSTEM (TYPE ) ( GALS.)| 18
4]
0 L
43 SUPPORTS - WING
“ - TAL

4  -BODY
m -NACELLE

47 TOTALS = e 190
48 TOTAL - HYDRAULIC & PNEUMATIC GROUP 190
49 FURMISHES POWER FOR - (ITEMS)
50 e Actuation of

51 o Control Surfaces

Y _ Alighting Gear
58 Brakes

5 o - SAS Actuators
55 o VSS Actuators
56

En —]

57 SYSTEM PRESSURE (PS1)

*lacludes system from sources of power to main distribution
points.

5-11-34




HOVER CONTROL SYSTEM

ARVRXGRAKIR AN-9102-D SURPCERENIXRY XXX PAGE 30
NAME SPRDUXURKK XORCUEUEHDS MODEL ___ N-309
DATE RS REATNRER REPORT

1 - ) ; R KRXA

2 : )

3

4

5

é

7

8 Engine | Forward Center Aft

? Bleed | Fuselage | Fuselage | Fuselage| Wing*
T — < : 5

n N
12 Ducts 16 24 49 24 34
13 Transition Fittings 18 16 2
4 Bellows 37 13 17 13 9
¥ Joints - Bolte 8 8 16 8 10
16 - Clamped Couplings 20 2
17__Insulgtion 14 14 7
8 Valves - Check 27

19 - Reaction Control 24 24 19

20 Tip Pods 30

21 Fairings 25

22

3

U

25

2 —_

27 _

28

2

k 1]

3

2

33

34

35

3%

37

38

39

40

41

42

43

4

45

46

47

48

49

50

5

52

Lx]

54

55

5% Totals 126 83 98 108 _113

8 _Total Hover Control System 528
Add supplementary py. LA if mecessary. *Includes wing take-off

5-I1-35 ducting in center fuselage.

4F - THE REPUBLICAN PRESS, HAMILTON, OWIO
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AN-9102-D . PAGE 31
NAME ELECTRICAL GROUP MODEL N-309
DATE o REPORT

!

2 AC DpC

3 _— O CODE NO. _
__‘ POWER SUPPLY EQU'P_M_;_NT __Driven By KVA | Amp, ,..,..!‘f'.. 76 16
5 GENERATORS [  CSD 15 I 14

6

R S .
8 — . e e e e S sl

9 I S ] -

10 REMOTE GENERATOR DRIVES~ CSD in Propulsion Group

11 BATTERY (AN y(NO. 1 ) 24 Vo, 5 A.He 15

12 BATTERY CONTAINER, OVERFLOW INST. & SUPPORTS 1

13 Generator Cooling Ducts 2

14 POWER CONVERSION EQUIPMENT Model Ne. 13 18
15 INVERTER (DC 10 AC)- Static 1 13 _

16 CONYERTER (AC TO DC)

17___TRANSFORMER/Rectifiers 2 18

18 RECTIFIER

19 MOTOR-GENERATOR

20 PHASE ADAPTER

21 FREQUENCY CONVERTER

22

23

24 POWER DISTRIBUTION & CONTROL 156 13
25 GENERATOR CONTROL BOXES 15

26 CUTOUTS & VOLTAGE REGULATORS 6

27 AMMETERS & VOLTMETERS
28 SWITCHES, RHEOSTATS, SWITCH PANELS GIKEEXEX Autoxform- 15

29  CIRCUIT BREAKERS & FUSES Panels ers 10 7

30 JUNCTION, FUSE, DISTRIBUTION BOXES & PANELS ‘ 7

31 RECEPTACLES & CONNECTOR PLUGS A

32 RELAYS (Power Contactors) 5 1

33 WIRING & Connectors 75 5

u CONDUIT 15

35 Current Transformers (Power Control) 8

36 LIGHTS & SIGNAL DEVICES 23

37  LIGHTS - INTERIOR 4

38 - EXTERIOR 12

39 - LANDING (INCL. RETRACT MECH.) -

40

41  SIGNAL DEVICES - LIGHTS 6

42 - HORNS 1

43 - BELLS

44

45

46 EQUIPMENT SUPPORTS - WING 20

47 - TAIL

48 - BODY 20

49 - NACELLE

50 TOTALS 288 147
51 TOTAL - ELECTRICAL GROUP 335

52 FURNISHES POWER FOR - (ITEMS) Electronics,

53 Lights, Ingtru. Electronics,
54 ments, Fuel Lights, Generad
[03 Syst

56 Fl & Instrume
57 ___| tems, Contxols | ]

*Iacludes system from sources of power two main distribution poiats. and D.C. System

5-11-36
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AN-9102-D PAGE 32 o

NAME ELECTRONICS GROUP MODEL _ N-309

DATE o REPORT _ o
1 *FUNCTIONAL B *EQUIPMENT COMPONENTS & PART Equipment Instollation
2 ___GR_OUB NUMBERS OR IDENTIFICATION _ GFP CFE )
R I cooE No. .
4 _VORTAC K ____ (65)
5 _ __| AN/RNA-26C VHF Nav. Rec. 25

6 . ____ | DME-DMA-296 29

7 o Control Panels (2) 6 |
8 . — ___| Antennas 5

9

10 IFF/SIF _____ | (17)

N _ [ AN/APX-72 Transponder 12

2 ___|Control Panels (2) 4

3 Antennas 1

9

15 ILS . (10)

6 MKA-28 Marker Beacon 4

7 Antenng 2

18 | Controls (2) 4

19

20 _Communication (29)

2y RTA-41B VHF Transceiver 23

2 Control Panels (2) 6

23

24 _Intercom (9)

25 Control Boxes (2) 5

26 Microphone Amplifiers (2) 2

27 Headset Amplifiers (2) . 2

28

29 Compass Syst - Gyro Stabilized (29)

30 Stable Platform, SR-3 21

3 Heading Coupler 5

32 Controllers (2) 3

33 Indicators (In Instruments Group) -

34

35 Miscellaneous (15) (46)

36 Radio '"J'" Box 12

37 Noise Filters 2

33 Antenna Switching Relays 1

39 Wiring, Coax & Misc. 46

40

41

42

43

44

45

46

47 ELECTRONIC INSTALLATION

48 TABLES

49 RACK, SHELVES & SUPPORTS

50 LOCKERS

51

52

53

54 .

55 SUBTOTALS - EQUIPMENT GFP & CFE 159 15

56 TOTALS 174 46

57 TOTAL - ELECTRONIC GROUP 220

*List components (incl. Radomes, Mts., Antennae, Switches, Relays, Filters, etc.) from main diswibution point to unit operated, by
functional groups (e.5., Comm., VHF, Seasch, Navig., Intercomm., etc.). Add supplementary pg. 25A if necessary.

5-I1-37
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AN-9102-D
NAME
DATE

ARMAMENT GROUP

| TURRET OR GUN LOCATIONS
2 NO.OF GUNS
3 CALIBER OF GUNS

—_— e

[

PAGE 33

MODEL N-309

REPORT

. [copE o

EQUIPMENT

. - BOXES

4

s - - = =
6 AMMUNITION - FEED CHUTES
7

8

9

- BOX SUPPORTS

CASE EJECTION CHUTES

10 LINK EJECTION CHUTES

11 CASE & LINK RECEPTACLES _

12 MOUNTS

13 MOUNT SUPPORTS

4 BLAST TUNNELS (INTEGRAL)

16 AMMUNITION BOOSTERS

L
4.

——————

18 GUN CHARGERS INSTALLATION

23 HEATING

35 _FIRE INTERRUPTERS

26

*27 TURRET SYSTEMS (TYPE: )

4

42

43

“

45

46

ey

47

49

50

5

52

53

54

55

56 TOTALS

57 TOTAL (TO BE BROUGHT FORWARD)

*List

etc.). supplementary pg. accessary.

5-I1-38

ts by packaged m: (turret structure, accessoties, sighting, computation, gua accessories, elec. cabling,




AN-9102-D

NAME ARMAMENT GROUP MODEL

DATE

PAGE

34

N-309

REPORT

1

[ cooe mo.

2 ROCKET INSTALLATION - CONTROLS

—_ . - RELEASE MECHANISM

4 - WIRING, ETC.

5

o

~

5

10

_11 BOMB, MINE & TORPEDO INSTALLATION

12 . BOMBER'S CONTROL PANEL

*13  RELEASE - ELECTRICAL

R7 - MANUAL

AU - MANUAL EMERGENCY

16 INTERVALOMETER

7

18 ARMING & SAFE MECHANISM

19

20 BOMB HOIST MECHANISM (IF BUILT IN)

21

*¥22  BOMB RACKS (TYPE ) (No.

24 BOMB RAILS OR TRACKS

30 GUNFIRE PROTECTION (PASSIVE DEFENSE) _

31 BULLET RESISTANT GLASS

32 ARMOR PLATE (NON STRUCTURAL) - OiL COOLER

3 - OIL TANK

4 - ENGINE SECTION

35 - CREW . PILOT

36 -

37 .

38 -

41

42 FLAK CURTAINS

43

44

45 SONOBUOY . STOWAGE

46 - DISPENSERS

47

48

49

50

51

52

'53_SMOKE TANK PROVISIONS

54

55 TOTAL

56 TOTAL FROM PG. 26

57 _TOTAL - ARMAMENT GROUP

*From main distribution peiat © actustiag uait.

5-11-39

**1¢ a0t specified as useful load,
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AN-9102-D PAGE

T MMODATIONS FOR. PERSONNEL moDEL =309
DATE REPORT

1 |cooEwo.] [ [ I 1T 1 ].

2 CREWSEATS & PASSENCER CHAIRS T

3 Lecotion No. | CtaMm | Sea sglety g el Adj. Cetapult Troeks

Containef _ e Reol | Mec Eject. Moch Swpports |

_sPuor | 1 20 69 2 3 7 24 15 140_ |
_6 AssT.PIOT | 1 | 20 69 2 3 7 24 15 140
7

I ]
9 B 4 ]
10
o ]
12

13

14

15 —
16

17 HEAD REST (IF NOT INTEGRAL WITH SEAT)
18 BUNKS (NO. ) & SUPPORTS

20 LITTER SUPPORTS

21 BOMBERS & GUNNERS KNEELING PADS (NO. )
22 PARACHUTE STOWAGE PROVISIONS B
23 TOILETS & RELIEF TUBES

24 WASH BASIN & SHOWERS

25 WATER TANKS & PIPING

26 DRINKING WATER CONTAINERS & SUPPORTS
27 _LOCKERS FOR - FOOD

28 - PERSONAL EFFECTS

30 GALLEY STOVES & HOTPLATES
31 REFRIGERATOR

37 _ANTI-G SUIT PROVISIONS

39 OXYGEN INSTALLATION (Gaseous) (25)
*40 BOTTLES - INCL. CHARGE (TYPE 1800 psi Y(SIZE 22 cu.ft, )J(NO. ] ) 12
41 (at atmospheric pressure)
42 CONVERTOR
3 REGULATORS _ (TYPE ) (NO. 2 ) 5
44 SUPPORTS - BOTTLES & REGULATORS
45 PLUMBING, ETC. 8

t 9ty

55

56
57 TOTAL - ACCOMMODATIONS FOR PERSONNEL (TO BE BROUGHT FORWARD) 305

*1f not specified as useful load or special equipment.
5-11-40

AF - THE REPUBL sCAN PRESS, nAMILION, OMIG
-y 4T, 1962 =0




~.

36

i FURNISHINGS & EQUIPMENT GROUP :;;'E’L -
DATE MISC. EQUIPMENT & PURNISHINGS REP OET——MQ:
! Mise. Fuenishings
2 ~ Ewir. e
3 B ~_|cope No. i
4 MISCELLANEOUS EQUIPMENT o e L
*5 PORTABLE PLATFORMS & LADDERS o o
6
7 DATA CASES & REPORT QR FQ&HOLDERS . - I I E 14 o
8
‘9 MANUALS - FLIGHT & MAINTENANCE- o R
*10 BALANCE COMPUTER & SUPPORT ______T - i
n
12 TOOL LOCKERS e ] -
13 . I R
14 WINDSHIELD WIPER & WASHER INSTALLATION 1 R
15 RELEASE MECHANISM & FITTINGS - TARGET & GLIDER TOW ; —
16 _ _
17 BILGE SYSTEM o
18 STALL WARNING DEVICES - o
19 REAR VIEWMIRROR ~ L -
200 Instrument Panel Glare Shields o 4
2 AUXILIARY FLOORING .
22 INSTRUMENT BOARDS & Supports 16
23 CONSOLES & Pedestals 23
24 CONTROL STANDS i
*26  CARGO HANDLING EQUIPMENT ] .
27 _ RAMPS -
28 HOISTS & BOOMS
29 MONORAILS =
'}gw o MONORAIL MOTORS
31 TIE DOWN FITTINGS
7 S -
33 N .
“ —
35  PYROTECHNIC INSTALLATION
36  SIGNAL PISTOL HOLDER
37 SIGNAL AMMUNITION HOLDER (CAP. )
38 PARACHUTE FLARE - CONTAINERS (NO. )
39 - RACKS (CAPACITY )
0 . RELEASE MECHANISM
41
42 SMOKE CANDLE (GRENADE) HANDLE
a
4 FLOAT LIGHT RACK & RELEASE MECH. (CAP. )
45 —
46 _FURNISHINGS
47 FLOOR COVERING, RUGS, ETC.
48 SOUNDPROOFING & THERMAL INSULATION 17
49 TRIM
50 CURTAINS & SCREENS
51 CRASH PADDING
52 PARTITIONS (NON-STRUCTURAL)
53 Miscellaneous Stowage Provigions 3
54
55
56 _TOTALS - MISC. EQUIP. & FURNISHINGS 44 26
57 _TOTAL (TO BE BROUGHT FORVARD) 70

*If not specified as special equipment.
5-I1-41

A CME REPUBL LT aw PRELL, M) N, G
-, 1962 0




AN-9102-D
NAME
DATE

FURNISHINGS & EQUIPMENT GROUP
EMERGENCY EQUIPMENT

PAGE

37

MODEL
REPORT

) ~ ]cooE No. ]

1

2

Compeartments

3 FIRE EXTINGUISHERS

. 4 BOTTLES Type

S ———

N-309

L_ R Weight

8 CONTROLS

9 PLUMBING

10 BOTTLE SUPPORTS

1

12

13 TOTAL - COMPT.

4 PORTABLE (TYPE ) (SIZE

) (NO.

15

16

17

18 PORTABLE EXTINGUISHER SUPPORTS

19

20 FIRE DETECTION SYSTEM - Lift Engines (7)

21 - Cruise Engines (2)

22 FIRE RESISTANT PAINT

23 FIRE CURTAINS

24

25 FIRST AID KITS (NO. ) & STOWAGE

26

27 FLASHLIGHTS (NO. )

28

29 STOWAGE - EMERGENCY RATIONS & WATER

30

*31 LIFE RAFTS - (TYPE ) (NO.

32

3

34

35

36 - SUPPORTS OR CRADLES

37

38 DITCHING STATION EQUIPMENT

39

40

41

42

43

“

45

46

47

48

49

50

51

52

53

54

55 TOTAL - EMERGENCY EQUIPMENT

35

56 TOTALS FROM PGS. 28 L 29

375

410

57 TOTAL - FURNISHINGS & EQUIPMENT GROUP

*If aot specified as useful load or special equipment.

AP - THE Wt PUBLICAN PRESS, WANIL 1ON, OWID
w7, 1962 ey

S5-fl-42




AN-9102-D
NAME
DATE

B WiN

-

o {n

-

~

AR C

E
A

IDITIONING &

ANT
QUIPNENT GROUP
IR CONDITIONI

z
(1]

PAGE

MODEL

38

N-309

REPORT

Presswrizetion

System

Ventileting

System

Heoting
System

—CabTm
Cooling
System

Equip.
Cooling

| cooe wo.

HEAT EXCHANGERS (NO. )

25

'HEATERS (BTU CAPACITY

) (NO.

HEATING FLUID ¢ . GALS.)

9

10

COMPRESSORS OR SUPERCHARGERS

11

12

MOTORS

13

TURBINES

14 FANS & Blowers

15

16

17

TANKS

18

WATER SEPARATOR

19

REGULATOR

20

21

22

SCOOPS & Ram Air Valves

23

DUCTING

16

24

SHROUDS

25

26

27

PLUMBING

28

29

30

BOMB BAY HEATING

3

32

33

M

35

36

CONTROLS - MANUAL

37

38

- ELECTRICAL

39

40

- HYDRAULIC

41

42

- PNEUMATIC

43

4

45

46

47

48

SUPPORTS & BRACKETS - WING

49

- TAIL

50

- BODY

51

- NACELLE

52

53

PRESSURIZATION SEALING

54

55

56

YOTALS

48

57 _TOTAL - AIR CONDITIONING (TO BE BROUGHT FORWARD)

61

*If not specified as special equipment.

By L TeE SEPUH 1 AN PRESL, =AML TON, OMIO
9t a0

wror

5-I1-43



AN-9102-D
NAME
DATE

AIR CONDITIONING & ANTI-ICING

EQUIPMENT GROUP
ANTI-ICING

PAGE

39

MODEL

N-309

REPORT

Wing Tail Al

Indvetion

Propelior

Cenepy &
Windahiold

Puel
System

[CoPE 0.

* 4 HEATERS Ne. BTU Capacity

SO.NO(’!§UN—

411 HEAT EXCHANGERS (NO. )

-
~

-t
w

-
»

-
(%]

DUCTING

SHROUDING

-
~

"
s

800TS

ATTACHING STRIPS

N

OIL SEPARATORS

AIR PUMPS

AIR LINES & HOSES

GALS.)

PLUMBING

DISTRIBUTOR - VALVE

- CONTROLS

CONTROLS - MANUAL

v

- ELECTRICAL

- HYDRAULIC

- PNEUMATIC

SiGipisini=s@BQRiniRiBiBI<i8IBRINBRIRE

»

**47 WIRING, SWITCHES, RELAYS

9 SUPPORTS & BRACKETS - WING

- TAIL

- BODY

+ NACELLE

BBeBis|s

54 TOTALS

55 TOTAL - ANTI-ICING

7

56 _TOTAL FROM PG. 3

61

57 _TOTAL - AIR CONDITIONING & ANTI-ICING EQUIPMENT

*If aot specified as special equipment,

AF - TME REPUBL 1CAN PRESE, WAWILTON, OWIO
LRI AT 50

**From maia distributioa poiat o actuating uait.

5-11-44

68




AN.9102-D

NAME PHOTOGRAPHIC GROUP
DATE

mA~G
FAauvc

40

MODEL

N-309

REPORT

Phete
€ quipment

insralletion

Prevision

| CODE No.

EQUIPMENT ITEM lode!

CAMERAS

00| NN W —

21 MOUNTS & ADAPTERS

28 INSTALLATION PROVISIONS

29 TRIP & SYNCHRONIZATION UNITS

33 PHOTO-ELECTRIC SYSTEM

37 FLASHLIGHT BOMB INST.

41 YACUUM SYSTEM - PUMP

42 - PLUMBING

43 - GAGE

46 PRESSURE SYSTEM - PUMP

47 - PLUMBING

48 - GAGE

0 CONTROLS

51 SUPPORTS

**53 WIRING, RELAYS, SWITCHES

54

55

56 TOTALS

57 TOTAL - PHOTOGRAPHIC GROUP

0

*If not specified as useful load or special equipmesnt.
5-I1-45

AF - THE REPURLICAN PSS, MANILTON, OMIO
Y17, 1962 .80

**From main distribution poist © actuating umit.




AN:9102-D PAGE
NAME AUXILIARY GEAR GROUP MODEL N-309
DATE REPORT
1 Hendling Arvest. Cotepult ATO
2 [cooE No. ]
3 HANDLING GEAR ]
4 ANCHOR
5 ANCHOR LINE
6 PENDANT & CLAMP FITTING
7 LIZARD ]
8 SHEAVES
9 WINCH - COMPLETE B
10 WINCH CRANK B
n ANCHOR HANDLING RIG OR DAVIT
12 WINCH ENGINE OR MOTOR
13
i HOISTING SLING
15 WING HANDLING LINES
16 WATER RUDDER
17 FITTINGS - RECOVERY HOOK
18 . BEACHING GEAR ATTACHMENT
19 . TIEDOWN .
20 . JACKING
21 . TOWING
n - MOORING & SNUBBING
23 . ANCHORAGE
% - LEVELING
25 - HOISTING
26 |
27 ARRESTING OR DECELERATION GEAR o
28 TRAILING HOOK B
29 HOOK POINT (TYPE )
30 EXTENSION GEAR
31 RETRIEVING GEAR
2 BUMPER
33 SHOCK ABSORBER
34 ATTACHMENT FITTINGS
35
36 BARRIER CRASH FITTINGS
37
38 DECELERATION - PARACHUTE
39 - CONTAINER & FITTINGS
40 - CONTROLS
4
Q
43 CATAPULTING GEAR
“ CATAPULT FITTINGS
45 CATAPULT HOOKS
46 HOLDBACK FITTINGS
47
48 ASSISTED TAKE OFF
49 HOOKS
50
51 CONTROLS - FIRING
52 . BOTTLE RELEASE
53 BOTTLE STOWAGE PROV. (NO. BOTTLES )
54
55
56 TOTALS
57 TOTAL - AUXILIARY GEAR GROUP 0

*If mot specified as special equipment.

AF - THE REPUBLICAN PRESS, MAMILTON, OHIO
Y17, 2 a0

5-11-46




M 20-7A
(R.11.03)

ENGINEER

CHECKER

NORTHROP CORPORATION
NORAIR DIVISION

PAGE
42

REPORT NO.

DATE

Variable Stability System
(Not Included in Weight Empty)

MODEL

Equip- [Installa-

ment tion Total

Pitot Boom & Mount 14 14
q Sensor 3 3
Angle of Attack & Sideslip Sensors 5 5
Aeroflex Sensors 7 7
Aeroflex Unit & Indicator 15 15
3 Axis Accelerometers - Angular 2 2
- Translation 1 1

Attitude Gyro 7 7
Airborne Computer 74 74
Autopilot Unit 18 18
Cockpit Controllers 8 8
Transducers 16 16
Parallel Actuators 21 2]
Radar Altimeter - Rec/Xmitter 10 10
- Antennas 2 2

Doppler Radar - R-T Unit & Antenna 21 21
- Signal Converter 17 17

- Cockpit Controller (1) 4 4

- Mounting Rack 2 2

Provisions For Future Units 86 43 129
Installation - Electronic Units 62 62
- Servo/Mechanical 62 62

Totals 331 169

Total Variable Stability System 500

“-——

5-11-47



FORM 20-7A - 0
(R.11-63) ENGINEER PAGE
NORTHROP CORPORATION 43
CHECKER NORA'R D|V|S'ON REPORT NO.
DATE MODEL
AMPR Weight Derivation N=309
1
The following Airframe Weight Derivation is based on the Aeronautical
Manufacturer's Planning Report DD387-1 Form dated June 1958,
Weight |
Lbs,
N-309 - AD-4486A - Weight Empty - Composite Mode 12,685
Less:
l. Wheels, Brakes, Tires 196
2. Engines & Diverters 3,874 |
3. Cooling Fluid 0
4, Fuel Cells 90
5. Starters 0
6. Propellers 0
7. AP 0
8. Instruments 117
9. Navigational Equipment (incl. in #11) 0
10. Batteries, Electrical Power Supply,
& Conversion Equipment 120
11, Electronics 159
12, Turrets 0
13, Air Conditioning 25
14, Cameras 0
Contingency 267
N-309 - AD-4486A - AMPR Weight 7,837
5-11-48
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Weight Justification |

The weight estimate presented for the Northrop Norair version of the
NASA V/STOL Research Airplane Design Study is based on empirical formulae,
calculated and actual weight estimates.

The supporting data included in this section cover the calculations,
formulae, basic curves, allowances for special features, and assumptions and
other means for arriving at the estimated weights of the structural, power
plant and equipment groups,

Structural weights are based on the following design criteria referencea

in the design criteria report.

Basic Flight Design Gross Weight = 18,000 lbs.

Flight Load Factor - 3.75 limit

Limit Sea Level Speed - 400 K

Basic Mission VTOL Gross Weight - Composite 18,000 lbs.

Basic Mission VTOL Gross Weight - Direct Lift 16,300 lvs.,

Equipment weights are predicated on the design requirements furnished

by the contracting agency. Instrumentation and furnishing weights are
consistent with those required for a two man crew to effectively fulfill the

design mission.
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Wing Group
The wing group weight estimate is estimated by using the following

empirical fomula:

. .36 v\ 500 |.914

ZTR 500

where,

W, = Basic Flight Design Gross Weight = 18,000 lbs.

] = Ultimate Flight Load Factor = 5,625

ARst = Structural Aspect Ratio = AR/CoSc/4 = 6.8

S = Planform Wing Area = 210 sq. ft.

A = Planform Taper Ratio - Ct/Cr = .400

T.R = Thickness Ratio - Root Chord = 13%

\ = Sea Level Limit Speed = 400 knots

.4 = Sweep Angle - 1/4 Chord = 20°

The estimated weight for the wing utilizing this basic formula is 833
lbs. An additional weight is calculated for the leading edge flap and back
up structure of 97 lbs, resulting in a total wing weight of 930 lbs. The
basic wing weight determined above is plotted on the wing estimation chart

on page 54 for comparative purposes with other model airplanes.

Total Wing Weight 930 lbs.

Tail Group
The weight of the tail group is estimated as a total group and also by
considering the horizontal and vertical components separately and applying

Northrop Norair developed formulae.
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The tail group weight estimate as a total group is a function of the

wing weight in the following formula:

W, = 1.072 L—ww] -842
where,
Wy = Total Tail Group Weight - lbs,
Wy = Estimated Basic Wing Weight - 833 lbs,

(less penalties)

The use of this formula results in an estimated tail group weight of

309 1bs.
In order to further substantiate the individual horizontal, vertical and

ventral component weights the following formulae were utilized:

Horizontal Tail

W= 16,55 [jWgﬂSr bs/t Ew/Lt:]'4606
106
where,
W, = Horizontal Tail Weight - lbs.
Wg = Basic Flight Design Gross Weight = 18,000 lbs.
N = Ultimate Flight Load Factor = 5.625
S¢ = Theoretical Tail Area = 67.4 sq. ft.
bs = Structural Span = Span/Bos l/4 = 237.3 ins.
t = Thickness Theoretical Root Chord = 7.9 ins. 1
Cw = Wing M.A.C. = 75.3 ins.
Lt = Tall Length - 1/4 chord wing

180.7 ins.

mac to 1/4 chord horiz. tail mac

The above parameters used in the basic formula results in a horizontal

tail weight estimate of 128 lbs.

5-1I-60




WE/RHT /D LBS.

ACTUAL

ENGINEER PAGE
NORTHROP CORPORATION 56
CHECKER NORAIR DIV'SION REPORT NO.
DATE MODEL
T/l WEIGL T EST/87707
" = T T

7

/0 1

i
'

]274 ~‘ gyg f!r .t f:?ﬁi,f;f ‘ o

wr -/072 [Ww] SR N T B
; - |

eF/aé‘o

b F-/ap ¢
F&c

f//F"/ 0]
AYE o

FI0%A ©

" T ' T ' T T T
2 3 4 5 b 7 8 g /0 /I
ESTIMIATED WE/RAT - 100 LBS.

-

"B TT na



~“ORM 20-7A
{R.11-63)

[ M
NORTHROP CORPORATION 57
CHECKER NORA|R DIV'S'ON REPORT NO.

DATE MODEL

Vertical Tail

W = 02184 ['(wg‘n)"’” (sv)* 91 (bs/hr).464—l.952
where, - i

W, = Vertical Tail Weight - lbs.

Wg = Basic Flight Design Gross Weight = 18,000 lbs.

| = Ultimate Flight Load Factor = 5,625

Sy = Vertical Tail Area = 48 sq. ft.

bs = Structural Span = Span/cos l/4 = 155.3 in.

hr = Max. Thickness Root Chord = 1ll.7 in,

The use of these design parameters results in a vertical tail weight
of 144 1bs.

In addition to these estimated tail group weights, the dorsal fairing
is estimated at 2.0 lbs/sq./foot resulting in an additional weight of 7 lbs.,
and the ventral fin/skid is estimated at 4.0 lbs. a square foot for 28 lbs.

Summating the individual component weight estimates,

Weight - Lbs.

Horizontal Tail Weight = 128
Vertical Tail Weight = 144
Dorsal Fairing Weight = 7
Ventral Fin/Skid Weight = 28
Component Tail Group Weight = 307 lbs.
r This component weight breakdown of 307 lbs. agrees favorably with the

weight estimate of the total tail group weight of 309 lbs. which is used as
the tail group weight estimate. A plot of the total tail group weight estimate

is included on page 56,
Tail Group Weight 309 lbs.

— e U
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Body Group

The estimated weight of the body group is calculated by using the

following fomula depicted in chart form for comparative purposes on page 58.

Wy = 4.57 [(wg“).sw (Bep)298 (L)1.097] .516

where,

W, = Basic Body Weight - lbs.

Wg = Basic Flight Design Gross Weight = 18,000 lbs.

Tl = Ultimate Flight Load Factor = 5,625

B = Max. Body Width = 5,667 ft.

D = Max. Body Depth = 5.25 ft.

L = Structural Body Length = 43,9 ft,.

The estimated basic body weight using the above parameters is 2,280 lbs.
A comparative plot is presented on page 58.

A correlation plot of the total wing and body weight estimates of the
comparative model airplanes is depicted on page 60.

A weight penalty is assessed to the basic body weight for special design
features required for a VIOL airplane, i.,e. lift engine air induction and

exhaust doors as follows:

Air Induction Doors - Lift Engine 2.0 lbs/sq/ft 76 lbs,
Exhaust Doors - Lift Engine 2,0 lbs/sq/ft 60 lbs.
Exhaust Doors - Lift/Cruise Engine 8.0 lbs/sq/ft 42 1bs.
Mechanism « Lift Engine Doors - 7.0 lbs. engine 49 1bs.
T Mechanism - Lift/Cruise Doors - 15.0 lbs. engine 30 lbs.,

Total Estimated Weight for
Special Features 257 1lbs,

Basic Estimated Body Weight 2,280 lbs.

Body Group Weight 2,537 lbs.
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Alighting Gear

The alighting gear group weight is normally estimated using design
gross weight and load factor as given by the equation in the chart on page 62.
In this particular airplane, however, the cost factors involved in designing
a 100 percent new alighting gear dictated the utilization of existing components
as far as possible, and results in a somewhat less than optimum weight gear.

The base alighting gear weight estimate is calculated from the following
formula for the accuracy analysis statement,

wWg = .05195 [wﬂ]'am

The use of this equation results in an alighting gear weight estimate

of 531 lbs.,

In order to further substantiate the estimated weight of the alighting

gear the following component weights are presented.

Nose Gear A4E - Report 31388 192 1bs
Rolling Stock 26 lbs
Struct 159 1bs
Controls 7 lbs
Main Gear 600 lbs
Rolling Stock 170 1bs
Wheels F-5A 46

Tires F-5A Actual 49

Brakes F-5A Modified 75

I e
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The main gear strut weight is based on the following formula,

Wy = 001514 [:(wl).77b (“1).167 (L).76€] l.11541
where,
W, = Total Strut and Brace Weight
W} = Landing Weight = 18,000 1lbs.
Y} = Landing Load Factor = 2.5
L = Struct Length - € Trunnion
to € axle - fully extended = 68 ins.
The calculated strut weight based on the above parameters is 322 1bs.
Shrink Mechanism 8 lbs.
Controls Weight - similar to the F-5A 100 1lbs.
Alighting Gear Group Weight used for estimate 792 lbs.

Surface Controls, Hydraulics & Electrical Groups

The weight of the surface controls, hydraulic and electrical groups are

estimated as a single group by the following empirical equation.,

Wepe = 2412 [j(wgn).ﬁza (L+B)*224 (Vsl).16i1 654
| where,
Wshe = Total Weight of Surface Control, Hydraulic & Electrical
Groups (less special features)
Wg = Basic Flight Design Gross Weight = 18,000 lbs.
Ul = Ultimate Flight Load Factor = 5,625
| L = Fuselage Length = 45,5 ft.
B = Wing Span = 35.5 ft.
Vg1 = 8ea Level Limit Speed = 400 knots

5-11-68
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The weight estimate derived from the above parameters for these design

groups is 850 lbs. A plot of this formula is included on page 64 for comparison

with other model aircraft.

In order to check this empirical weight estimate and to provide adequate

weight distribution for balance computations, the individual systems are

analyzed from preliminary system drawings and are entered in detail on the

Detail Weight Statement, AN-9102D. The resulting group weights are as follows:

Weight-Lbs
Surface Controls Group 508
Hydraulic Group 190
Electrical Group 335

The summation of the above individual group weight estimates is 1,033
lbs. or 183 lbs. over the empirical weight analysis. This additional weight
increment is attributable to the surface control group special features,

stability augmenter system, leading edge flap controls, and reaction nozzle

boost actuators.

Total Surface Controls, Hydraulic
& Electrical Groups 1,033 lbs.

Engine Section

The engine section weight estimate is obtained by calculating the com-

ponents weights from the lift/cruise and lift engine layouts.

Lift/Cruise Engine Bay 491 1bs.
Nacelles
Structure 2.0 lbs. sq. ft. -~ 74.8 sq. ft. ea. 291
Blast Plates .10 steel - 951 sq. in. ea. 54
5-11-70
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Mounts
Engine & Diverter Valve - Calculated 22
Tail Pipe & Nozzles - Calculated 26
Firewalls & Blankets
' Firewalls - .0l6 steel + 5% attach 9,930 sq. in. 95
Blankets - Minimum Requirement 3
Lift Engine Bays - 7 engines 189 1bs.
Mounts
Structure Mounted Mounts 4,0 lbs. eng. 28
Trunnions 3.0 lbs. eng, 21
Engine Mounted Mounts 2,0 lbs, eng. 14
Firewalls - ,016 Steel 18.0 lbs. eng. 126
Total Engine Section 680 lbs.

Propulsion Group

The weight of the Propulsion Group is estimated by components as shown below.,

Lift/Cruise Engine Installation

Engine Installation

The engine weight for the General Electric YJ-85 GE-19 as quoted in Model

Specification E1129 is as follows:

Engines (2) YJ-85 GE-19 Dry Weight 764
Bleed Tubes (2) 4
Insulation (2) _ 6
Residual Fluids (2) 10
Total Engine Installation 784 1bs.
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Diverter Valves

The diverter valve weight is referenced in Vol. II - G.E. Diverter Valve
Final Report.
Diverter Valve (2) 150 lbs.

Diverter Tail Pipe

Pipe .050 Steel (2) 50
Bellows - 2 Req. Per Engine 20
Flanges & Bolts 5.0 lbs. Engine 10
Total Diverter Tail Pipe 80 lbs.
Cruise Tail Pipe - ,050 Steel 44 1bs,
Ejectors - Allowance 7.0 lbs. Engine 14 1lbs.
Accessory Drives - CSD - CF5A 70 lbs. ea. 140 1bs,
Air Induction - 2.0 lbs. sq. ft. 36 lbs.

Engine Controls

Throttle Quandrants 2 - 7.5 lbs. ea. 15
Anplifiers 2 - 1.5 lbs. ea. 3
Actuators 2 - 3.0 lbs. ea. 6
Wiring - Allowance 4
Total Engine Controls 28 1lbs.

Starting System - Air Impingement

Inpingement Fitting (L.H. only) 4
Shutoff Valves 6
Ducting & Bellows 5
Starting System Total 15 lbs,
5-I1-72
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Lube System - Filler Necks, etc. 2 lbs,

Fuel System
The fuel system weight is estimated using the following formula for the

accuracy analysis back up data.

Weg = .695 wg %0
where,
wfs = Fuel System Weight
We = Total Fuel (including warm up fuel)

This calculation results in a fuel system weight of 400 lbs. 1In order to
check this empirical method the fuel system was analyzed from layouts and
the breakdown by components is shown in the detail weight statement,
AN-9103D. The fuel system build-up by components results in a weight of
375 lbse, a 25 lb. reduction from the empirical method and is justified
by the fact that there is no single point fueling and no wing fuel pro-

visions.

Fuel System Weight 375 1bs.

Total Lift/Cruise Installation 1,668 lbs.
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Lift Engine Installation - 7 Engines

Engine Installation

The engine weight for the General Electric YJ-85-GE-19 engine quoted in

Model Spec E1129 is reduced by 5 lbs. per engine by the removal of the

overspeed provisions.
Engines (7) YJ-85-GE-19 377 lbs. ea.
Bleed Tubes (7) 2 lbs. ea.
Insulation (7) 3 lbs. ea.
Residual Fluids (7) 5 lbs. ea.
Vector Nozzle (7) 33 lbs. ea.
Lift Engine Ejectors

Total Engine Installation

Air Induction (7) 5.0 lbs. engine

Starting System

Ducting (7) 1.0 lbs. engine

Starting Valves (7) 2.7 lbs. engine
Total Starting System

Controls

Throttle Quadrants (inl. in lift-cruise)

Amplifiers (7) 1.5 lbs. engine

Actuators (7) 3.0 lbs. engine

Installation
Total Controls

Lube System (7) 1.0 lb. engine

Total Lift Engine Installation

Total Propulsion Group

2,639

14
21
35
231

14

19

10.5
21.0

18,5

2,954 lbs.

35 lbs.

26 lbs.

50 lbs.
7 lbs.
3,072 1lbs.

4,740 lbs.
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Instrument Group

The instrument group weight is derived by applying actual and specification
weights to the flight and engine instrumnients required for the fulfillment of
the design mission. For each instrument, a weight allowance for installation
of wiring, tubing and hardware is included. These weights are shown in detail
in the Detail Weight Statement, AN-9102D.
Instrument Group Weight 171 lous.

Hydraulic & Electrical Groups

The weights of these groups are included in the surface controls, hydraulic
and electrical group weight derivation. A component breakdown based on the

individual systems is detailed in the Detail Weight Statement.

Electronics Group

The electronics weight estimate is predicated on the navigation and
communication requirements specified in the NASA Request for Proposal L-7151
Statement of Work. A compilation of this equipment by set designation is
included in the Detail Weight Statement.

Electronics Group Weight 220 lbs.

Furnishings and Equipment Group

The Furnishings and Equipment Group weight is a composite of a number
of individual estimated weights., These individual estimates are based on the
use of existing equipment, where possible, vendor information, design drawing

and sketches and weights of similar components and sub-systems used in other

single and dual seat airplanes.
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Acconmodations For Personnel (305 lbs.)

Crew Seats Unit  No. Total

Item Basis For Estimate Wt Req. Wt

Basic Seat North American LW-2D 69 2 138
Lap Belt North American LW-2D 2
Harness North American LW-2D 3
Adjust. Mech, Northrop T-38A 7
Catapult North American LW-2D 24
Tracks & Supts., Northrop T-38A 15
Cushion, etc. North American LW-2D 20
Total Crew Seats 280

RPN
o
[e <]

Oxygen System (1800 psi gaseous) Unit  No. Total
Item Basis For Estimate Wt. Req. Wt
Bottle Zep Aero Co. 12 1 12
Regulators, etc. Zep Aero Co. 2.5 2 5
Plumbing, est. Northrop T-38A -- - 8
Total Oxygen System 25

Miscellaneous Equipment & Furnishings ( 70 lbs.)
Miscellaneous Equipment Unit  No. Total

Item Basis For Estimate Wt. Req. Wt.

Re V., Mirror T-38A 1 1 1

Glare Shields T-38A

Inst. Panels T-38A

Consoles, etc. T-38A

Total Miscellaneous Equipment 44

Furnishings Unit No. Total
Item Basis For Estimate Wt Req. Wt,

Data Cases T-38A -- - 4
Soundproofing Allowance -- -- 17
Misc. Stowage Allowance -- -- )

Total Furnishings 26

Emergency Equipment Unit  No. Total ( 35 lbs,.)
Item Basis For Estimate Wt. Req. Wt
Control Unit T-38A (J85 engines) 1.50 1 1.5
Detectors T-38A (J85 engines) 1.65 10 16.5
Control Box T-38A 1.00 10 10.0
Wiring Allowance -- -- 7.0
Total Emergency Equipment 35.0

Total Furnishings and Equipment Group 410 pounds

Gk G G 2 G OB a P & U N N E P e oy 8 e
1NN
Y 0N
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Air Conditioning and Anti-Icing Group (68 1lbs,)

The air conditioning and anti-icing system is a combined heating and
cooling system which utilizes engine bleed air as the heat source. The air is
extracted from both lift/cruise engines final compressor stage and passed
through ducts to the heat exchanger and expansion turbine and then on to the
cockpits and equipment bays. The air is exhausted from the cockpits to the
equipment bays for component cooling. The aft bay cooling will be fan augmented.
Since cabin pressurization is not required, the system is not sealed beyond
that necessary to satisfy the air conditioning requirements. No penalty was

assessed for pressurization equipment.

Air Conditioning

The weight of this system was obtained by analysis of preliminary schematic
diagrams, by using data from the T-37A trainer, the Northrop T-38A, and from
information supplied by The Garret Corporation concerning the weight of the
heat exchanger/turbine package., The following is a breakdown of the estimated

weights of this system:

Weight,

Item Source of Information Pounds
Heat Exchanger & Turbine The Garret Corp. 25
Water Separator Cessna T-374A 2
Fans & Blowers Northrop T-38A 4
Ram Air Valves Northrop T-38A 4
Cockpit Controls Cessna T-37A 7
Ducting & Scoops Weight Allowance 19
Total Air Conditioning System 61
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Anti-Icing
The only anti-icing system weight allowance made was for windshield and

canopy de-fog system, and is broken down as follows:

Weight,

It Source of Information Pounds
Ducting Preliminary Schematics 5
Valves Cessna T-374A 1
Cockpit Controls Cessna T-37A 1
Total Anti-Icing 7

Hover Controls Group

The Hover Controls Group is defined as the pneumatic portion of the
hovering controls and includes the weight of the ducting, insulation and
reaction control valves. The weight of the electronic controls, electro-
hydraulic servos and actuation mechanisms is included in the Surface Controls
Group and in the Variable Stability System.

The ducts are assumed to be connected by means of bolted flanges and/or
clamped joints, with load relieving bellows welded to the ducts and appropriately
spaced throughout the system.

The bellows and bolted flange weights are estimated from the graph on
page 77. The equations of these curves were derived from weight calculations
based on the figures shown above this graph. Bolted flanges are used to join
all ducts with diameters larger than 4 inches and on the small ducts that
attach to the engine bleed ports. Clamped couplings are used on the balance
of the ducts. The clamped coupling weights used are the Marmon J-11 series
clamped joints listed in the Marmon Company catalogue.

The insulation is used on the forward and aft fuselage ducts, and on the

wing ducts from the fuselage mold line to wing station 135. Outboard of wing
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station 135, the wing is assumed to have titanium structure in the duct area.
No insulation is used in the engine bay. The insulation weights are based on
a 0.5 inch thick blanket with a density of 7 pounds per cubic foot with 2 mil
steel face sheets on each side. The insulation weights were calculated to be
+08951 pounds per linear inch for the 8.5 inch ducts and 0.04475 pounds per
linear inch for the 4 inch diameter ducts.

The reaction control valve weights were calculated from preliminary design
drawings.

The fairing covering the aft control valve is estimated to be 25 pounds.

The tip pod weight was calculated at 15 pounds each. The surface area of
each tip pod was calculated to be 8.17 square feet. The weight per unit area
is 1.84 pounds per square foot., This agrees closely with the value obtained

for a smaller tip fairing used on a previous design (N-289).

5-11-80




SORM 20-7A
(R.11-83)

F----—----

ENGINEER

CHECKER

NORTHROP CORPORATION
NORAIR DIVISION

PAGE

16

REPORT NO.

DATE

MODEL

The following is the estimated hardware inventory for

the Hover Control Systen,

Wt
Item Location Size (Stainless Steel) Lbs
Ducts (147)
Fwd. Fus. Duct 8.5 dia x 155 long x .020 wall 264
Cntr., Fus. Manifold 8.5 dia x 115 long x .040 wall 35
Aft Fus. Duct 8.5 dia x 160 long x .020 wall 24
Cntr. Fus. Manifold 6.0 dia x 70 long x .036 wall L4
Cntr. Fus. Wing T. O. 5.5 dia x 3 long x .020 wall Negr o
Cntr. Wing Ducts 4.0 dia x 50 long x .020 wall 4
Outr. Wing Ducts 4,0 dia x 420 long x .020 wall 30
Engine Bleed Ducts 3.0 dia x 96 long x .020 wall 5
Engine Bleed Ducts 2,0 dia x 240 long x .020 wall Y
Engine Bleed Ducts l.5 dia x 60 long x .020 wall 2
Transition Ftgs. ("Y'" and "T" Ftgs.) ( 3¢6)
Cntr. Fus, 8.5 dia to 6.0 dia x ,036 wall (2 req) 16
Wing Take-off Tee 5.5 dia to 4.0 dia x .020 wall (1l req) 2
Engine Bleed 3.0 dia to 2.0 dia x .020 wall (6 req) 7
Engine Bleed 2.0 dia to 1.5 dia x .020 wall (14 req) il
Bellows ( 8Y)
Fuselage Ducts 8.5 dia. 8 req@ 4.2 ea. 34
Fuselage Ducts 6.4 dia. 4 req@ 2.3 ea. Y
Wing Take-off Duct 5.5 dia. l req@ l.7 ea. Z
Wing Ducting 4.0 dia. 6 req@ 1.2 ea. 7
Engine Bleed 3.0 dia. 12 req@ .9 ea. 11
Engine Bleed 2.0 dia. 14 req@ .6 ea. ]
Engiae Bleed 1.5 dia. 37 req@ .5 ea. iy
Clamped Couplings (Marmon J-11 series including flanges & gaskets) ( 22)
Wing Ducts 4.0 dia. 2 req @ .970 ea. 2
Eng. Bleed Ducts 3.0 dia. 6 req @ 785 ea. 5
Eng. Bleed Ducts 2.0 dia. 16 req @ .498 ea. 8
Eng. Bleed Ducts l.5 dia. 20 req @ .333 ea. 7
Bolted Flanges ( 50)
Fuselage Ducts 8.5 dia. 12 req @ 2.7 ea. 32
Wing Ducts 4,0 dia. 8 req @ 1.2 ea. 10
Eng. Bleed Ducts 2x2 square 24 req @ .15 ea. 4
Eng. Bleed Ducts l.5x1.5 square 36 req @ .10 ea. 4
Insulation (.50 inch thick blanket with density = 7 1lb/ft3 and 2 mil ( 35)
steel inner and outer face sheets)
Fwd. Fus. Ducts 8.5 dia. @ ,08951 1b/in x 155 in. 14
Aft Fus. Ducts 8.5 dia. @ .08951 1b/in x 160 in. 14
Wing Ducts 4.0 dia. @ .04475 1b/in x 150 in. 7
R R
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Wt.
Item Location Size (Stainless Steel) Lbs,
Valves ( 94)
Engine Bleed Check Valves, 18 req@ 1.5 ea. 27
Pitch/Yaw Control Valves, 2 req@ 24 lb. ea. 48
Roll Control Valves 2 req@ l.5 lb. ea. 19
Fairings ( 55)
Tip Pods 2 req@ 15 lb. ea. 30
Tail Cone Fairing 1 reqe 25 lb, ea. 25
Total Estimated Weight - Basic Config.
Hover Control System 528
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Basic Information N-309
Model Manufacturer Report Number
T-38A Northrop-Norair NOR-66-324
F-100C North American Not Available
F-104C Lockheed Not Available
F-105D Republic EW-97-211
F-106A Convair ZW-8-532
F-107A North American Not Available
F8uU-3 Chance Vought E8R-11360
FllF-1 Grumman 375-1R
F-5A Northrop-Norair NOR-66-56
RF4C McDonnell A-560
A4E Douglas 31388
P-1127 Hawker Aircraft Issue No. 1
|
L e ﬁ
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Calculations N-30Y
Actual X = 1.000
I Model Estimated X-8
T-38A 2950 «050 Ref. SAWE Paper No. 529
F-100C 1.070 070
F-104A 1.007 007 Confidence Level 90%
F-105D 1.029 .029 %X = 1.000
F-106A 990 010 S = 03912
F-107A 1.024 «024 Let (1-d) = 0.90
F8U-3 «965 .035 Joed = 0610
FllF-1 1.044 «044 Since d = 0.10, t=t1.0_.05=t0.950
F-5A «974 .026 = 12,0 so df = 11.0
RF4C 1.026 .026
A4E «979 .021 Use Table
P-1127 «946 .054 t = 0,950 for df = 11.0 is 1,796
ts
Upper Interval = X, = & + {~
p Actual 15 oo4
Estimated 1.796 x .03912
) = 1,00 +
X = 1.000 12
£ (x-%)% = .016836 = 1.00 + .020282
S = {-Z(X-X)Z/(“-l):]'s .’ Use ,020 for contingency
S = L,03912
X-8 = 0.,96088
X+§ = 1.,03912
,
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Basic Formula N-309

The Accuracy Analysis Basic Data presented in this report utilize the
following basic formulae for the individual design group weight estimates.
Wing Group

W, = +008305 li(wgn).ézo (aRst)* 390 (5+640 (;_% .36 (1 r 3-%3 .aooj WYl4

where,

wg = Design Gross Weight - lbs,

il = Ultimate Flight Load Factor

ARst = Structural Aspect Ratio - AR/00542

S = Gross Wing Area - sq. ft.

A = Planform Taper Ratio - Ct/Cr

IR = Thickness Ratio - Per Cent Root Chord

\Y = Sea Level Limit Speed - Knots
Tail Group

We = 1.072 [ww].saz

where,

Wy = Basic Wing Weight - lbs,
Body Group

Wy = 4.57[(%“).597 (Bp)*298 (L)1.097:I.516

where,
wg = Design Gross Weight - lbs.
gl = Ultimate Flight Load Factor
B = Maximum Width - ft.
D = Maximum Depth - ft.
L = Fuselage Length - ft.
e —————— —— ——— ————
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Alighting Gear
g = 05195 l;(wgn)j] -801
where,
wg = Design Gross Weight -~ lbs,
Ll = Ultimate Flight Load Factor
Surface Controls, Hydraulics & Electrical
Hope = 212 [(wg'n)'én (Lep)224 (Vsl)'lbj .654
where,
Wg = Design Gross Weight - lbs,
ll = Ultimate Flight Load Factor
L = Fuselage Length - ft,
i
B = Wing Span - ft.
Vg1 = Sea Level Limit Speed - Knots
Fuel System
« 760
Wegg = -695[Wf]
where,
Wg = Internal Fuel - lbs.
—— ——— —
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- NORTHROP CORPORATION | 86
CHECKER NORAIR D|VISION REFPORT WO,
DATE Contingency Analysis MODEL
AD-44864 N-309
Accuracy Other AD-44464 |
Analysis Weight Accountable Estimated \
AN-91030 Group Weight Statement 2% 5% Weight ___Weight
Wing Group 833 97 930
Tail Group 309 -- 309
Body Group 2,280 257 2,537
Alighting Gear Group 531 261 792
Surface Controls Group 325 183 508
Engine Section 680 680
Propulsion Group 375 491 3,874 4,740
Instrument Group 171 171
Hydraulic Group 190 190
Electrical Group 335 335
Electronics Group 61 159 220
Furn. & Equip. Group 410 410:
Air Cond. Group 68 68 -
Hovering Controls 528 528
Weight Empty 5,178 3,207 4,033 12,418
Useful Load
Crew 400 400
Engine 011 63 63
Unusable Fuel 45 45
Operating Weight Empty 5,178 3,252 4,496 12,926 .
Contingency 104 163 -- 267
\
\
\
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